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PREFACE TO THE FIRST EDITION 


It is really a matter of pleasure to represent the new treatise named “Mechanical 
Engineering Job Preparation” — a guide to take preparation for all kinds of 
recruitment examination pertinent to Mechanical Engineering. The story behind 
this book is to provide a complete idea about the competitive recruitment 
examination as it is very rare to find out a book that provides proper assistance 
in this crucial stage. 


I wish to express my sincere thanks to all of my friends, seniors and juniors for 
sending their valuable suggestions and for giving effort behind the publication 
of this book. 


Any errors, omissions and mistakes, for the improvement of this volume 


brought to my notice, will be thankfully acknowledged and rectified in next 
edition. 


- Emran Hossain 


PREFACE TO THIS PRINT 


“Fundamentals of Mechanical Engineering Volume II” is basically a Job 
Solution Manual for BSc Mechanical Engineers. Great news for the job seekers 
that in this edition we have included eight recent written questions solution of 
BCS exam. So, hopefully it will be helpful for the BCS written exam 
preparation as well as for all the exam preparations under BPSC. 


Although we have tried to do the entire task carefully, you are requested to take 
the unavoidable mistakes cordially. All the readers are requested to inform us 
about the mistakes if found. We will be grateful to you. 

Best wishes for all. 


- Emran Hossain 
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North West Power Generation Company Limited (NWPGCL) 
Post: Assistant Engineer (Mechanical) 
Time 10.00AM to 11.30AM 
Date: 04.12.2015 
Exam Hall: ECE Building, BUET 
Non-Departmental MCQ-60; Departmental MCQ-12; Written-12 
Total Marks-40+12+48=100 
Non-Departmental: 
1. Who was man of the series in the last (2015) Bangladesh vs Zimbabwe ODI series? 
a. Tamim Iqbal __b. Shakib Al Hasan c. Mushfiqur Rahim d. Mostafizur Rahman 
2. What is the name of present president of Nepal? 
a. Bidhya Devi Bhandari 
3. What is the length of Padma River? 
a. 24000 ft ib. 
Notes: Length of Padma River = 120 Km, Length of Padma Bridge = 20180 ft. 
4, What is the name of ruling party of Myanmar? 
a.USSD b.NLD- c.NDL 
5. What is “Elysee Palace”? : 
a. president residence __b. prime minister residence c. king residence 
6. The highest average salinity amongst the following seas is reported from 
a.Dead Sea _b. Red Sea_ c. Black Sea d. Mediterranean Sea 
7. The Suez canal connects the 
a. Baltic sea and the Caspian sea b. Mediterranean sea and the Red sea 
c. Red sea and the Caspian sea ___d. Mediterranean sea and the North sea 
8. Supersonic plane fly with the speed 
a. less than the speed of sound _ b. of sound 
c. greater than the speed of sound  d. of light 
9. The inert gas which is substituted for nitrogen in the air used by deep sea divers for 
breathing, is 
a.Argon b. Xenon ec.Helium  d. Krypton 
10. Siphon will fail to work if 
a. the densities of the liquid in the two vessels are equal 
b. the level of the liquid in the two vessels are at the same height 
c. both its limbs are of unequal length 
d. the temperature of the liquids in the two vessels is the same 
11. Who is the writer of “Ignited Mind’? 
a. Arundhati Roy b.A.P.Z. Abul Kalam 
12. Which of the following statement is false? 
a. boron acts both as metal and non-metal 
[ 13-15 Aaa Sat He RAPA | | 
16. 7 StS PHT ST AT 
(a) Baa (b) *fow (c) UGA 
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17. HnST aa apfe-sposy fe 

(a) WI+ Ob (b) W+T (c) WIS+ AT 

18 5CAG CIA OIA “157? 

(a) arate (b) Frat (c) Sxcafer (d) ARPS 

£2. Br AAG SOMA STAT CAC TR | 

19. Crate afd? 

(a) a4 (b) WE (c) THE (d) WHE 

20, RTO CATT GINS *1? 

(a) e@at (b) RFS \ 

21, araRMT- ated ary fe BCT ARS AAR? 

(a) Boge (b) gE 

22. Tarts ferret Bl? 

(a) TE9fS (b) Bia (ce) HRA 

23 canis aa farahe “1 fe? 

(a) a1gfSe (b) FT (c) Haereiy (d) Tals 

24, are we fer 

(a) asta (b) Faraz (c) STAT 

25, “HIB STAM ACH CH AT” - it AABAOT Ca? 

(a) SFTOTS TR (b) AST DTT AZ (c) APSA Oya 

26. Capraa G3A SIA TAI? 

(a) aatqare tga (b) ay fp (c) ey (d) aferwH 
27. FA Sat APH Aes Ve? 

(a) Stet (b) Awercsea (c) AaCaa 

31. Which sentence is correct? 

a. paper is made from wood b. paper is made of wood c. paper is made at wood d. 
32. Choose the correct answer 

a. Why have you done this? b. why you have done this? 
33. Choose the correct sentence 

a. I forbade him to go — b. 1 forbade him from going 

c. I forbade him going d. I forbade him not to go 

34. Our Head office us for travelling? 

a. Pays, b. Gives, c.Remunerates d. both a andc 
35. Who is the writer of “Romeo Juliet”? 

a. William Shakespeare 

36. What is the plural of “Hypothesis”. 

a. Hypotheses b.Hypothesies c. Hypothesus 

46. If we enter any text in cells of MS Excell then it is by default aligned to 
a. left b. right c. middle d. none 

47. Which keyboard shortcut command is used for cut option? 
a. Ctrl + X 

48. Which is the primary memory of a computer? 

a. RAM b.cache c. harddisk d. pen drive 
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49. A person buys.something in 2000 taka. He sells some of these things in 25% profit and 
some in 25% loss. Which statement is true? 
a. he made profit of more than 125 taka _ b. he made profit of less than 125 taka 
c. he is in loss of more than 125 taka d. he is in loss of less than 125 taka 
N.B.: Data is insufficient to answer the question. 
50. If a equilateral triangle is inscribed in a square of unit side, then the length of the side of 
triangle is 
a. J 6-7 2 (b)¥ 3/2 
51. 3a=b and 3c=d then bd=? 
a. 3atb (b) 3ab 
(28-30); (37-45); (52-60) [>Raz Sat HSI Balt |] 
Departmental: 
1. A rotometer is used to measure 
(a) Veloetty of fluids (b) viscosity of fluids 
(c) Density of fluids (d) discharge of fluids. 
. Which statement is correct? 
(a) Bending moment at the top surface of a beam is compressive. 
(b) The neutral axis of a transverse section of a beam passes through the center. 
3. Which stress is critical for transverse vibration of a shaft? 
(a) Torsional stress ~ —_(b) 
4. For diffuser which one is correct __ 
(a) Kinetic energy converts into pressure energy 
(b) Pressure energy converts into mechanical energy 
(c) Pressure energy converts into kinetic energy 
5. Kaplan turbine is used to produce- 
(a) Low head high discharge (b) Low head low discharge 
(c) High head low discharge (d) Low head high discharge 
6. For separation which one is the cause? 
(a) Vapor pressure is greater than cylinder pressure 
(b) Vapor pressure is less than cylinder pressure 
7. 200g water evaporates in 10min. find the evaporation rate. 
(a) 45.1Kj/min (b) 10.1 kj/min 
8. Specific gravity of oil is 0.8. if the water head is 1m find the corresponding Oil head- 
(a) 0.8 = (b) 1.2 (c) 9.81 
9. The purpose of a surge tank is 
(a) to control the pressure variations due to rapid changes in the pipe line flow 
(b) to eliminate water hammer possibilities 
(c) to regulate flow of water turbines by providing necessary retarding head of water 
(d) all of the above - 
10. Falling drops of water become spheres due to the property of 
(a) surface tension of water (b) compressibility of water 
(d) capillarity of water — (d) viscosity o water 


NW 
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11. Draw TOP view, FRONT view and RHS view of the figure below: 


12. What is boiler mountings and accessories? Give two examples each of them. 
Answer: 

Boiler Mountings: Mountings are required for proper and safe functioning of the boiler, 
which is generally mounted over the boiler shell. 

Examples: Water Level Indicator, Pressure gauge, Safety valves, Steam stop valve, Blow 
off cock, Fusible plug, Feed Check valve. 

Water Level Indicator: 

¢ The water level indicator is needed to ascertain the water level of a boiler. 
¢ Two water level indicators should be fitted for each boiler in such a place that the water 
level can be constantly seen. 

Pressure Gauge: 

* A pressure gauge is an instrument by means of which the pressure exerted inside a vessel 
can be measured. 

* There are two types of pressure gauges, one is Bourdon tube pressure gauge and the other 
is diaphragm type gauge. 

Boiler Accessories: Accessories are used for efficient running of the boiler but they are not 
mounted on the boiler shell. Boiler accessories are- 

¢ Superheater: super heater is a device used for drying wet steam and then increasing 
temperature of the dry steam without increasing its pressure by utilizing the heat of 
combustion product. 

* Economizer: Economizer is a device used for heating feed water which is supplied to the 
boiler by utilizing heat in the exhaust flue gases before leaving through the chimney. 

13. Calculate the refrigeration tonnage for 3000kg ice from 0°C to 30°C. 

Solution: 

Here, m = 3000kg; AO = (30° — 0°) =30°C 


ml msA®  3000x333.5 . 3000x4.2x30 
We get, amount of heat = —+ = |} ee 


24x60 24x60 + 24x60 24x60 
957.29 
= 957.29Kj/min = 10 ton = 4.55 ton 


-. Refrigeration tonnage = 4.55 (Answer) 


~ 
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14. Draw the block diagram of a vapor compression refrigeration system and 
corresponding p-h and T-S diagram. 


Answer: 


4 


—— Temperature —» 
a 
i 


TG 
t= he 
Entropy ———» Enthalpy 
(a) 7-s diagram. (6) p-'t diagram. 


17. Draw indicator diagram for four stroke SI and CI engine in T-S graph. 
Answer: 


5 9 

: a 2 EVO 

D n 

: = 5 

i a. wee adeee, 

| 2\ 
i Aim | : Atmosphere 
: Pressure 2 : Pressure 

T 
— Volume —> nee — Volume —> 
Indicator Diagram For A Four Indicator diagram for a Fout Stroke 


Stroke Cycle Petrol Engine. Cycle Diesel Engines. 
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18. For a material modulus of elasticity is 200GPa and Possion’s ratio is 0.3. Find 
modulus of rigidity and bulk modulus. 
Solution: We know that modulus of rigidity, 


C= m.E 
~ 2(m + 1) 
Here, E=200 GPa and — = 0.3 or, m=3.33, 
_ 3.33x200 _ 
So, = Saasro.= 76.90 Gpa (Answer) 
. —_ mE 
Again, K= ao) 
__ 333x200 _ 
=K= FEC 166.91 Gpa (Answer) 


19. An air compressor takes in air at 1 bar and 20°C and compresses it according to law 
pv'’=constant. It is then delivered to a receiver at a constant pressure of 10 bar. 
R=0.287 kJ/kg K. Determine (i) Temperature at the end of compression (ii) Workdone. 
Solution: ; 

Here, Initial pressure, P; = 1 bar 

Initial temperature, T; = 20 + 273 = 293 K; Final pressure, P2 = 10 bar 

(i) Final temperature: 


: ’ To. eee 
Using the relation, = G> n 
i 1 


10 12-1 
=>T, = 293 x ee) 12 
= 430K = 157°C. (Answer) 
(ii) Work done: 


n-1 
We know, W = mRT, = (=) cae 1 
ae 1 


12-1 
= 1X 0.287 x 293 x = x (=) 12° _ 1] = 236.13 KJ/Kg of air (Answer) 
20. Write Bernoulli’s equation for real fluid and indicate every term. Is it an energy 


equation you think? If Yes, then explain. 
Answer: Bernoulli’s Equation: 


Pi, Vi? P2 , V2" 
pe ae ae Z,=7+++ Z2+ he 
Y 2g y 2g 


Here, 7 = pressure energy per unit weight of fluid or pressure head, 
v1? 
2g 
Z= potential energy per unit weight or potential head and hy = head due to friction loss. 

The Bernoulli Equation can be considered a statement of the conservation of energy principle 
appropriate for flowing fluids. The qualitative behavior that is usually labeled with the term 
"Bernoulli effect" is the lowering of fluid pressure in regions where the flow velocity is 
increased. This lowering of pressure in a constriction of a flow path may seem 


= Kinetic energy per unit weight or kinetic head 
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counterintuitive, but seems less so when you consider pressure to be energy density. In the 
high velocity flow through the constriction, kinetic energy must increase at the expense of 
pressure energy. 

21. Draw a steam turbine power plant and the Rankine cycle T-S diagram. 

Answer: 


f 
f 

7 
Wiurb oat 


Condenser 
+o 
Pump . @) 


Figure: Simple steam power plant that Fig.: T-S diagram of Rankine cycle 
operates on the Rankine cycle 


22. Draw a T-S diagram for an open cycle gas turbine of 2 stage reheating and 2 stage 
intercooling. 
Answer: 


Combustor Reheater Reheater 


Intercooler Intercooler 


23. Draw a Wheatstone bridge circuit. How it measures the strain? 
Answer: A fundamental parameter of the strain gage is its sensitivity to strain, expressed 
quantitatively as the gage factor (GF). Gage factor is defined as the ratio of fractional change 
in electrical resistance to the fractional change in length (strain): 
AR/R  AR/R 
GF = —— = 
AL/L € 
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Figure 3. Wheatstone bridge 
The output voltage of the bridge, Vo, is equal to: 


Rg R2 
0 = [ets 7 | Vex 
Therefore, if R4 is replaced in Figure 3 with an active strain gage, any changes in the strain 
gage resistance will unbalance the bridge and produce a nonzero output voltage. If the 
nominal resistance of the strain gage is designated as Rg, then the strain-induced change in 
resistance, DR, can be expressed as DR = RG-GF'e, from the previously defined Gage Factor 
equation. Assuming that R; = R2 and R3 = Rg, the bridge equation above can be conten to 


express V,/Vg, as a function of strain (see Figure 4). Note the presence of the aE term 


that indicates the nonlinearity of the quarter-bridge output with respect to strain. 


Figure 4. Quarter-Bridge Circuit 
24. Write the significance of Froude Number, Reynolds Number and Nusselt number. 
Answer: 
Froude Number: The Froude number is a dimensionless number defined as the ratio of a 
characteristic velocity to a gravitational wave velocity. 
The Froude number is defined as: 


Fr=— 
C 
where V is a characteristic velocity , and c is a characteristic water wave propagation 
velocity. The Froude number is thus analogous to the Mach number. The greater the Froude 
number, the greater the resistance. 


Reynolds Number: It is defined as the ratio of the inertia force to the viscous force. i.e., 
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Re= penta Force _pVD _ VD 
: Viscous Force pL 8 
Significance: 

> Reynolds number signifies the relative predominance of the inertia to the viscous 
forces occurring in the flow systems. 

-» Higher the Reynolds number the greater will be the relative contribution of inertia 
effect. Smaller the value of Re, the greater will be the relative magnitude of the — 
viscous stresses. 

> Reynolds number is taken as an important criterion of kinematic and dynamic 
similarities in forced convection heat transfer. 

> It indicates that the flow is laminar or turbulent. For pipe flow if Re <2000, the 
flow is laminar, if Re>4000, the flow is turbulent. If 2000 <Re<4000 it is 
transition. 

Nusselt Number (Nu): It is the ratio of heat flow rate by convection process under a unit 
temperature gradient to the heat flow rate by conduction process under a unit temperature 
gradient through a stationary thickness of L meters. i.e., 


hL 
Nu= — 
K 


Significance: 
> The Nusselt number represents the enhancement of heat transfer through a fluid layer 
as a result of convection relative to conduction across the same fluid layer. 
>» The larger the Nusselt number, the more effective the convection. 
> A Nusselt number of Nu = 1 for a fluid layer represents heat-transfer across the layer 
by pure conduction. 


Ashuganj Power Station Company Ltd. (APSCL) 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 11.30AM 2 
Date:06.05.2016 
Exam Hall: ECE Building, BUET 


[Technical Question Only] 
11. Two gears A and B mesh with each other. The speed of gear A is 795rpm. Number 
of teeth of the two gears A and B are respectively 50 and 20. Find speed of gear B. ‘ 
Solution: 
Given, Na = 795 rpm; Ty = 50; Tg = 20;Nzg =? 
Np _ Ta 


We get, Na Tp 
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12. Draw SFD of this beam. 
Answer: 


WL/2 
WL/2 


13. A boiler produces steam of enthalpy 2620KJ/Kg with the feed water of enthalpy 
270KJ/Kg. If the steam rate 50Kg/hr then find the steam generation factor and the 
boiler power in KW. The latent heat of evaporation is 2257KJ/Kg. 
Solution: 
Given, h=2620 KJ/Kg; hp = 270K]/Kg; m=50K g/hr; 1, = 2257KJ/Kg; 

hohe _ 2620-270 


We get, Steam Generation factor = Sep see 1.04 (Answer) 
Boiler Power = m(h—h)= = (2620 — 270) = 32.36 KW (Answer) 


14. A rectangular steel bar has width of 35mm and thickness is 10mm. Find the stress at 
the section AB, BC and CD. 


12KN A B S9KNC 4KN OD 
— 22KN 
4 KN 


12KN 3; : 
a f 
Here, 


Area, A = 35X10 = 350 mm? = 350 x 107°m? 
Pap = 12KN = 12 x 103N 


= 34.28MPa (Answer) 


Solution: 
For the section AB, we get, 


iets op EA 12x10 
AB "A 350x1076 


For section AC, We get, 


12KN A SKN 
® ie SKN | 


Pac = 12+9+9 = 30KN 


Pan 30x103 
One aepeae 85.71MPa (Answer) 
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QB-11 
For section AD, We get, 


12KN 


Pap = 124+9+9—-—4-—4=22 KN 
P 22x103 
Ont = = Sao 62.85MPa (Answer) 


15. Draw Top view and Front view. 


480, ees 
Top View 


eee 


Front View 


16. Draw the schematic diagram of a gas turbine with two compressors and intercooling 
with corresponding T-S diagram 
Answer: 


Intercooler 
ia : Heat Added 
i ' 3 4 we 5 
oes For ideal 
intercooling © 
T, = Ti 
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17. Draw T-S diagram of Rankine cycle mentioning all processes and corresponding 
equipment. 

Solution: 

The T-S Diagram of Rankine cycle is shown below: 


T 


1-2 Isentropic compression in a pump 

2-3 Constant pressure heat addition in a 
boiler 

3-4 Isentropic expansion in a turbine 

4-1 Constant pressure heat rejection in a 
condenser 


18. A sling hygrometer shows the dry bulb temperature and wet bulb temperature is 
same and that is 32°C. Find the i) Relative humidity, ii) Wet bulb depression and iii) 
dew point temperature. 

Solution: Since, the dry bulb and wet bulb temperature is same 


So, (i) Relative Humidity, R == = 100% (Answer) 
(ii) Wet bulb depression = Dry blub temperature — wet bulb temperature 

= 0 (Answer) 
(iii) Dew point temperature = 32°C (Answer) 
19. A refrigerator makes 300 Kg (not exact value) water of 0°C into ice of 0°C by % 
hour. The latent heat is 335.33KJ/Kg. Find the capacity of the refrigerator in ton. 
Answer: Here, m = 300 Kg, If = 335.33KJ/Kg; Time = 0.5 hr 


ml 
.. Capacity = rr 
300%335.33 
S EEMEO = = 3353.3 KJ/min 


= 15.96 =~ 16TOR (Answer) 
20. A 3-phase connection has line voltage 400V and current is 35amp. The connected 
load is 20kW; determine the power factor of this line. 
Solution: 
Here, 6 = 3; V= 400V; I= 35A; c= 20K W=20000W; Cos6 = ? 
We get, P= v 3 VI Cos8 


=> cos8 = = — 20000 
_ VI ¥3x400x35 


. power factor = 0.8247 (Answer) 
21. A generator’s rotor speed is 750rpm and frequency is 50Hz. Calculate the number 
of poles. 


Solution: We get, P= 


120f _ 120x50 


Seg 8 (Answer) 
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22. The graph shown the head, efficiency versus discharge curve of a centrifugal pump. 
Find the design head, discharge and efficiency; Find also the operating Head and 
discharge. (Similar image is attached) 


Head-Discharge Curve 


°° & 8B 8&6 &@ & 8 4 


Solution: 

100 

30 

Ve 

3» 

i 

32 50 

40 

30 

20 


Discharge , Q (t/S) 


From the Graph Point A is design point and B is the operating pour 

For Design Point A: 

Head = 90 m of water, discharge = 34 L/S, efficiency = 880.25 = 22%; 

For Operating Point B: 

Head = 33m of water, discharge = 95 L/S, efficiency = 620.25 = 15.5%; 

1. Fillet and chamfering is done for- reduce stress concentration 

Hydraulic system is based on- Pascal’s law 

Which type of turbine used in kaptai- Kaplan 

Ratio of longitudinal and hoop stress- 

A simple truss is made by minimum members. Answer: 3; if it says minimum 
force then Answer- 2. . 
6. The fluid state after throttling — liquid and vapor 


aA hWN 
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7. Chiller is used in central air conditioning unit- cools the water 

8. Maximum normal stress theory and Maximum shear stress theory- For brittle and ductile 
respectively. 

Non-Departmental 

Correct spelling 

Empower, embolden, impound, blacken 

Chief justice of Nepal- shushila karki 

“Sobnom”- Syed mujtoba ali 

Mustafizur in IPL - sunrisers hydrabad 

PFA award by player choice- riad mahrez 

Richshaw- Japanese 

Pawruti- portugiz 

Bangla goddya started- adhunik era 

Bonuful- bolai chad 


Ashuganj Power Station Company Limited (APSCL) 
Post: Assistant Engineer(Mechanical) 
Date:2010 Exam Hall: BUET 
1. What is boiler mountings and accessories? Name 3 mountings and accessories. 
Answer: Mountings: Mountings are required for proper and safe functioning of the boiler 
which are generally mounted over the boiler shell. 
Example: 1. Water level indicator, 2. Pressure Gauge and 3. Safety valves 
Accessories: These are the devices which are used as integral parts of boiler and help in 
running efficiently. 
Example: 1. Super heater, 2.Economiser and 3. Air Preheater 
2. What is fouling factor? What is the importance of it at the design of boiler? 
Answer: During operation the heat and mass carrying tube surface gets covered by deposits 
of ash, soot, dirt and scale etc. This phenomenon of rust formation and deposition of fluid 
impurities is called fouling. It is difficult to ascertain the thickness and thermal conductivity 
of scale deposits, the effect of scale on heat flow is considered by specifying an equivalent 
scale heat transfer coefficient hs. The reciprocal of heat transfer coefficient h, is called the 
fouling factor, Ry. 
1 1 1 


Rre= —_—_— i 
he Ugirt Uctean 


3. Define Ton of refrigeration and COP? 

Answer: Ton of refrigeration: 1 tonne of refrigeration is the rate of heat removal required 
to freeze a metric ton (i.e., 1000 kg) of water at 0°C in 24 hours. Based on the heat of fusion 
being 333.55 kJ/kg, 

1 tonne of refrigeration = 13,898 kJ/h = 3.861 kW 

Coefficient of Performance (COP) 

The Coefficient of Performance for a refrigerator is defined as the ratio of the refrigerating 
effect (cooling load, Qr) to the work added (compressor power input, W.) of the system, 
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1.e. COP = Qr/ We. [Qe Expressed in ton and Wc inkW] ” 
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4. Draw schematic diagram of closed cycle gas turbine & corresponding T-S diagram 


for single stage inter cooling and single stage heating chamber. 
Answer: 
Intercooling 


Generator 


1 
4 


il 
an 


First heating 
4 LE 
ols 
neato 2 
Gel 3s T) 
@ 73 
é Ts 
Compressor First turbine Second o 
turbine bh 


ot 


-Coaling Chamber 


4. Draw P-V and T-S diagram of Carnot and Stirling Cycle. 
Answer: 


Carnot Stirling 

(het 1 2 
I 
@ 5 
2 $ 
a. - 

ee 4 3 

h=Ts 

S, S 


Volume —> Entropy —»> 


ae 


Entropy —————» 


T 


1 
1 
f 
i 
1 
! 
i 
' 
H 
1 
‘ 
d 
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6. What is priming? How it is done? 

Answer: Priming. of centrifugal pump: priming of a centrifugal pump is denned as the 
operation in which the suction pipe, casing of the pump and a portion of the delivery pipe 
upto the delivery valve is completely filled up from outside source with the liquid to be 
raised by the pump before starting the pump. Thus the air from these parts of the pump is 
removed and these parts are filled with the liquid to be pumped. When the pump is running in 
air, the head generated is in terms of metre of air. If the pump is primed with water, the head 
generated is same metre of water. But as the density of air is very low, the generated head of 
air in terms of equivalent metre of water head is negligible and hence the water may not be 
sucked from the pump. To avoid this difficulty, priming is necessary. 

7. Draw the diagram for counter flow and parallel flow heat exchanger. 

Answer: 


(a) toy 


Fig. Gounter-flow heat exchanger. 
t Temp.) 
rN 


L (Length) 


{b) 


Fig. Parallel-flow heat exchanger. 


8. Write the Bernoulli’s equation for real and ideal fluid. What is Newtonian Fluid? 
Give example. 


2 . 
Answer: Bernoulli’s equation for ideal fluid: - 5 = +z = constant 


Where, p = pressure;v = velocity of fluid 
z = datum energy; y = specific weight = pg 
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v2 : : 
= = pressure energy;. 2g = kinetic energy 


For real fluid, P1447, = Fa 4 Me Z>+ he 


Newtonian Fluid: Fluids which obey the Newton’s law of viscosity (t = >) are known as 


Newtonian fluids. Water, oil, gasoline, alcohol and even glycerin are examples of Newtonian 


fluids. 
9. A cylinder is of bore 80mm & 100mm stroke. If the clearance volume 1 x10% m’, 


what is air standard efficiency? 
Solution: Given, D = 80mm, L= 100mm, V, =1 x1074 m? 
Stroke volume, V, = = x 0.08? x 0.1 = 5.03 x10*m’ 
VctVs _ 5.0341 _ 


.. Compression Ratio = je 6.03 
c 
i: ae : _ ie | eae, _ 
.. Air standard efficiency,= 1— at =I oes = 0.5126 = 51.26% (Answer) 


10. A plant capacity is 9SOMW and produced 567000 MW-hr/month. Peak load is 


1000MW. Find (i) Load factor (ii) Plant capacity factor. 
56700 


Solution: Average Load = San = = 787.5MW 
“. Load Factor = _Average Load = 2 = 0.7875 (Answer) 


Maximum demand 1000 


‘ A Load _ 787. 
And Plant capacity factor = eee 20.83 (Answer) 
Plant Capacity “950. 


11. Draw the P-V and T-S diagram for Steam Turbine. 
T 


Fig.: Ideal Rankine cycles of the (a) P-V and (b) T-S diagrams. Line 1-2-3-4-B-1 = 
saturated cycle. Line 1’-2’-3-4-B-1’ = superheated cycle. CP = Critical point 
12. A math relates with Bernoulli’s equation and pump power and efficiency. | 
13. Drawing. 
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Bangladesh Power Development Board (BPDB )-2010 


1. Draw the typical stress-strain diagram of mild steel showing yield strength, ultimate 
strength and breaking strength on it. 
eG 
A- Proportional limit 
B- Elastic limit 
C- Upper yield point 
D- lower yield point 
E- Ultimate stress/strength 
F- Breaking stress/strength 
G- Actual Rupture Strength 


oO 


2. A concentrated load P is applied at the midspan of a simply supported beam of 
length L. Draw the shear force and bending moment diagrams of the beam 


showingpeak values. 


Strain ———- 


P 
L/2—__»<—_——_ | /2 
P/2 P/2 
SFD | 
PL/4 


3. A steel rod of 1 cm” in cross-sectional area and 10 cm long is subjected to an axial 
pull of 2000 kgf. Find the elongation of the rod considering E=200GPa. 

Solution: Here, Area, A= 1 x 10“m? ; L= 0.1m; P =2000Kgf= 2000x 9.81= 19620N 

and E = 200 x10° Pa 


PL _ 19620x0.1 5 
ae eee 9.81X10~m= 0.00981cm (Answer) 


4. Write down the Bernoulli’s equation for ideal and real fluid. 
Answer: Bernoulli’s Equation for ideal fluid, 
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Py Vi? gi Ver 
+—4+7Z +Z 
yo apy. < ? 
For real fluid, = nie ae +Z,= 2 #2 = + Z the 


5. Draw the ee characteristics curves of a centrifugal pump. 


pP (Q and H constant) 
J a 
ens j 2 
ic Ps | iHaNn 
Bus y 
2a 3} ! a 
oo ¥ i fr 
ara Pan? / j HQ = Constant) 
AA aan A va 
on YY / ; Qan 
Pot va we 4 
wo i ie % 
oo (Hg = Constant) 
a 


———— Speed (N) 
Main characteristics curves of a pump. 

6. A centrifugal pump is used to raise water at a height of 100 ft with discharge of 2.0 
_ cusec. The efficiency of the pump is 62%. Find the input horse power of the pump. 
Solution: Given, H=100ft= 30.48 meter; Q= 2.0 cusec = 0.057 m3/sec; n=62%; 
p= 1000 Kg/m?3 
We get, P = pgQH/ n 

= (1000 x9.81x 0.057x 30.48)/ 0.62 

=27.5 KW 

= 36.88 hp (Answer) 
7. Define “ton of refrigeration”. 
Answer: Tonne of refrigeration/TR: 
A tonne of refrigeration is defined as the amount of refrigeration “effect produced by the 
uniform melting of one tonne (1000kg) of ice from and at 0 degree centigrade in 24 hours. 

1TR=210 kJ/min =3.5 kW ‘ 

8. What are the functions of an economizer and safety valve in a boiler? 
Answer: Economizer: 
An economizer is a device used to heat feed water by utilizing the heat in the exhaust flue 
gases before leaving through the chimney. As the name indicates, the economizer improves 
the economy of the steam boiler. 
Safety Valve 
¢ The safety valve (pressure relief valve) is used in a boilegto relieve the pressure of steam 
when it is above the working pressure. 
¢ Its function is to discharge a portion of the steam from the boiler automatically 
when the steam pressure exceeds the normal limit. It is mounted on the top of the shell. 
* As per boiler regulation two safety valves are required to be fitted in each boiler. 
9. Draw P-V and T-S diagram of Otto cycle and Diesel cycle. 
Otto Cycle: 
Otto cycle consists of two isentropic and two isochoric processes. Heat is supplied and heat is 
rejected by the cycle during isochoric process. 
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Pressure-volume and Temperature-entropy diagram for the air-standard Otto cycle 
Where, 

1-2: Adiabatic compression 

2-3: Isochoric/constant volume heat addition 

3-4: Adiabatic expansion 

4-1: Isochoric heat rejection 

Diesel Cycle: 

The air-standard diesel cycle is shown on p-V and T-s diagrams respectively. This is the ideal 
cycle for the diesel engine, which is also called the compression ignition engine. 
This cycle consists of two reversible adiabatic, one reversible isobaric and one reversible 
isochoric process. . 


Pio 


Ss 
Pressure-volume and Temperature-entropy diagram for the air-standard Diesel cycle 
Basic processes in diesel cycle 

1-2; Reversible adiabatic compression 

2-3: Constant pressure heat addition 

3-4: Reversible adiabatic expansion 

4-1: Constant volume heat rejection 

10. How do you identify a petrol engine and a diesel engine? 

Answer: Diesel engines are compression ignition and petrol engines are spark ignited one. If 
there is a spark plug its petrol engine or else it would be diesel engine. The presence of fins 
in the engine compartment also differentiates them apart as Diesel engines have and petrol 
does not. 
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Encirele the most appropriate answer. 10 x1=10 


11. Ina thin-walled pressure cylinder the ratio of longitudinal stress to the hoop stress is 
a0.5 b2.0 c1.0 dd. 
12. A loaded column fails due to 
a. stress due to direct load b. stress due to bending load 
c. both (a) and (b) d. none of the above 
13. Every cross-section of a shaft, which is subjected to a twisting moment, is under 
a. compressive stress 
b.shear stress 
c. tensile stress d. bending stress 
14. Ifa member is subjected to an axial tensile load, the plane inclined at 45° to the axis of 
loading carries 


a. minimum shear stress b. maximum shear stress 

c. minimum normal stress d.maximum normal stress 
15. Continuity equation deals with the law of conservation of 

a.mass 

b. energy 


c. momentum 
d. none of the above 
16. Which of the following pump is a positive displacement type? 
a. centrifugal pump 
b.reciprocating pump 
c. axial flow pump 
d. mixed flow pump 
17. Compression ratio of diesel engine varies from 
a. 6 to 10 b.10to15 ¢15 to 25 d. 25 to 30 
18. Which is not the mounting in a boiler? 
a. safety valve b. superheater 
c. fusible plug d. water level indicator 
19. What should be the relative humidity when the dry bulb and wet bulb temperature are 
same? 
a. 50% 
b. 75 % 
c.100 % 
d. 0% 
20. The objective of a flywheel in an engine is to 
a. perform balancing 
b. increase the power generation 
c. reduces energy fluctuation 
d. increase energy fluctuation 
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Bangladesh Power Development Board (BPDB)-2015 


1. What is the deviation of Ideal Rankine cycle and actual Rankine cycle? 
Answer: 
As a result of irreversibility in various components such as fluid friction and heat loss to 
the surroundings, the actual cycle deviates from the ideal Rankine cycle. 
T 
IDEAL CYCLE 


Irreversibility 


in the pump Pressure drop 


in the boiler 
AS 
1 Irreversibility 
; in the turbine 
1 


i 


a4 


Pressure drop 
in the condenser 


(a) (b) 


2. Give the advantages and disadvantages of gas turbine over steam turbine. 
Answer: 
Advantages: 
1. It is smaller in size and weight as compared to an equivalent steam power plant. For 
smaller capacities the size of gas turbine power plant is appreciably greater than a 
high speed diesel engine plant but for larger capacities it is smaller in size than a 
comparable diesel engine plant. If size and weight are the main consideration such as 
in ships, aircraft engines and locomotives, gas turbines are more suitable. 
2. The initial cost and operating cost of the plant is lower than an equivalent steam 
power plant. 
The plant requires less water as compared to a condensing steam power plant. 
The plant can be started quickly, and can be put on load in a very short time. 
5. There are no standby losses in the gas turbine power plant whereas in steam power 
plant these losses occur because boiler is kept in operation even when the turbine is 


we 


aS 


not supplying any load. 
6. The maintenance of the plant is easier and maintenance cost is low. 
Disadvantages: 


1. Major part of the work developed in the turbine is used to derive the compressor. 
Therefore, network output of the plant is low. 

2. Since the temperature of the products of combustion becomes too high so service 
conditions become complicated even at moderate pressures. 
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3. Write the name of main components of a thermal power plant. 

Answer: 

Main parts of the plant are 

1. Coal conveyor 2. Stoker 3. Pulverizer 4. Boiler 5. Coal ash 6. Air preheater 

- 7, Electrostatic precipitator 8. Smoke stack 9. Turbine 10. Condenser 11.Transformers 12. 
Cooling towers 13. Generator 14. High - voltage power lines 

4. Draw a schematic diagram of combined cycle power plant. 


Exhaust 


eae 


5 


Fump \ 


Condenser 8 


1 | ai 


5. Draw T-S diagram of vapor compression refrigeration system. 


Answer: 


6. A shaft is transmitted 50 hp, speed of the shaft is 400 rpm. What is the torque? 
Solution: Given that, P= 50 hp = 37.285 KW N=400 rpm 
2mN 2m x 400 


oar Se 41.88 rad/sec 
We get, P=TxXw 
P 
=> T=- 
@ 
__ 37.285 
~ 41.88 


- T = 0.89 KN.m (Answer) 
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7. Find the resultant force. 


Solution: 


Here, Area of the gate= 3 x 5 = 15 m? 
h = 2.5 sin45° = 1.77m 
-. Resultant Force, F = pghA 

= 1000 x 9.8 x 1.77 x 15 = 260.19 KN(Answer) 
8. Draw the SFD. (Cannot recall) 
9. Find the efficiency of actual Brayton cycle. (Cannot recall) 
10. Write short note on pyrometer, anemometer, tachometer and dynamometer. 
Pyrometer: Pyrometer is an instrument for measuring temperature. The pyrometer is can be 
apply to instruments that measure high temperature only, but some pyrometer is considered 
to measure low temperature. Thus, the temperature measurement under severe conditions is 
the most accurate method, and it is established on non-intrusive (indirect) temperature 
techniques.Temperature dependence of spectral intensity of light (Planck's law), i.e. the 
color of the light relates to the temperature of its source, range: from about —50 °C to 
+4000 °C, note: measurement of thermal radiation (instead of thermal conduction, or 
thermal convection) means: no physical contact becomes necessary in temperature 
measurement (pyrometry). 
Anemometer: An anemometer is an instrument that measures wind speed. This type of 
anemometer has a spinning wheel. The stronger the wind blows, the faster the wheel rotates. 
The anemometer counts the number of rotations, which is used to calculate wind speed. 
Tachometer: 
A tachometer (also called a revolution-counter, "Tach", rev-counter, or RPM gauge) is an 
instrument that measures the rotation speed of a shaft or disk, as in a motor or other 
machine. The device usually displays the revolutions per minute (RPM) on a calibrated 
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analogue dial, but digital displays are increasingly common. Tachometers or rev counters on’ 
automobiles, aircraft, and other vehicles show the rate of rotation of the engine's crankshaft, 
and typically have markings indicating a safe range of rotation speeds. 

Dynamometer: A dynamometer or "dyno" for short, is a device for measuring force, 
moment of force (torque), or power. For example, the power produced by an engine, motor 
or other rotating prime mover can be calculated by simultaneously measuring torque and 
rotational speed (RPM). A dynamometer can also be used to determine the torque and 
power required to operate a driven machine such as a pump. In that case, a motoring or 
driving dynamometer is used. A dynamometer that is designed to be driven is called an 
absorption or passive dynamometer. A dynamometer that can either drive or absorb is called 
a universal or active dynamometer. 


11. The graph showed the head, efficiency versus discharge curve of a centrifugal 
pump. Find the design head, discharge and efficiency; Find also the operating Head 
and discharge. 

Solution: Same as question-22, Ashuganj Power Station Company Ltd. (APSCL)-2016. 


Power Grid Company of Bangladesh (PGCB)-2013 


1. Define homogeneous materials and isotropic materials; give an example each of 
them. 

Answer: 

Homogeneous: A homogeneous material means a material which has uniform composition 

and uniform properties throughout. Plastics, ceramics, glass, metals, alloys, paper, board, 

resins, and coatings are examples of homogeneous materials. Air, salt solution, ete are 

examples of homogeneous mixtures. In addition, an alloy is a solid.solution, which is a 

homogeneous solid mixture of two metals. 

Isotropic: Isotropic means that the properties of materials are the same in all directions. In 

processes, the rate of process is the same in all directions. Glass and metals are examples of 

isotropic materials 

2. What is boundary layer? Show different regimes of boundary layer for a flat plate. 

Answer: 

Boundary Layer: When a real fluid flows past a stationary solid boundary, a layer of fluid 

which comes in contact with the boundary surface adheres to it and condition of no slip 

occurs. Thus the layer of fluid which can’t slip away from the boundary surface undergoes 

retardation, this retarded layer further causes retardation for the adjacent layers of the fluid, 

there by developing a small region in the immediate vicinity of the boundary surface and 

approaches the velocity of main stream. The layer adjacent to the boundary is known as 

boundary layer. 
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Boundary Layer Profile For Flat Plate: 


Transition Region 


Turbulent 


i VALELLE 0 : 
| Transition Point 
x — 


3. An elastic bar of cross section A and length L is held fixed at both ends. The bar has 
modulus of elasticity E and coefficient of thermal expansiona. Derive the expression 
for axial force due to temperature increase of AT. (Assume no buckling of the bar) 
Solution: For a homogeneous bar mounted between unyielding supports as shown, the 
thermal stress is computed as: 

Deformation due to temperature changes; 


&; = aLAT 
Deformation due to equivalent axial stress; 
Goes PE BE 
PAE E 
=> Sr = Sp 
= aLAT == 
=>o0=E aAT 


.. Axial Force, P=E aATA 
Where o is the thermal stress in MPa and E is the modulus of 
elasticity of the bar in MPa. 


4. Find the maximum torsional shear stress in a solid shaft of diameter 10mm and the 
applied torque is 30 Nm. 
Solution: Here, T= 30 Nm; D= 10mm=0.01m 


16T 16x30 
We get, Tmax = ae ae = 152 MPa (Answer) 


5. Ina diffuser water flow rate 8 Kg/s, area A, = 7 X 10°-*m? and A; = 4x 1073 m?. 
Determine the increase in static pressure between section 1 and section 2. Assume 
water density is 1000Kg/m°* and the flow is frictionless. 
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Solution: 
Given, rn = 8 Kg/s; Ay = 7 x 107*m? and A, = 4 x 1073 m?; P, — P, =? 
Here, mh = A,Vip = A2V2p 
mh 


; oo 8 ee -1 
a ee Aip _ 7x107*x1000 11.43 ms 
And, V, = —- = ——*___ = 2ms"! 
A2p  4x10-3 x1000 
Applying Bernoulli’s equation at (1) and (2), we get 
Di ME eBay Na 
pg 2g * 2g 
P,-P, v3 vi 4 
; =—-— +2 
or : . : 26 2g 2 Z1 
eae: 2 2 
= 2° — 11.43 0 
ee ape a8 ( )+ 
P, — P. 
or, -—— = — 6.46 


or, P, — P, = 6.46 x 9.8 
- P, — P, = 63.308 KPa (Answer) 
6. Draw the simple block diagram of open cycle gas turbine and the corresponding T-S 


diagram. 
Answer: 
, Fuel 
x. Ae 
a BS {35 z 
ayy $B {2 C-Compressor 
et re B-Burner or Combustion Chamber 
ea wage z i 
c | rae T-Turbine 
2 et Bache L- Load 
4, 44 
Air Exhaust to atmosphere 


$s 
7. What is cavitation? List two problems due to cavitation. 
Answer: 
Cavitation: Cavitation is defined as the phenomenon of formation of vapor bubbles of a 
flowing liquid in a region where the pressure of the liquid falls below its vapor pressure and 
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the sudden collapsing of these vapor bubbles in a region of high pressure. When the vapor 

bubbles collapse, a very high pressure is created. The metallic surface, above which the 

liquid is flowing, is subjected to these high pressures, which cause pitting action on the 
surface. Thus cavities are formed on the metallic surface and also considerable noise and 
vibrations are produced. 

Problems due to cavitation: the following effects of cavitation: 

i) The metallic surfaces are damaged and cavities are formed on the surfaces. 
ii) Due to sudden collapse of vapor bubble, considerable noise and vibrations are 
produced. 

8. A composite wall of two 0.5m thick layers has a temperature 150°C on one side and 
10°C on another side. Thermal conductivity of two layers are 0.05 W/mK and 0.5 
W/mK respectively. Area of each side is 2m?. Find the overall thermal resistance of 
the wall and heat transfer per unit surface area. 


Solution: 
Given, x; = X2 = 0.5m, T, = 150°C, T, = 10°C, K, = 0.05w / mk, 
Ky = 0.5w/mk , Ay = Ay = 2m? 


: . Xi x2 
Overall Thermal resistance, Ry, = KA * Koda 
_ 05, 05 
0.05x2  0.5x2 

=5+0.5 = 5.5k/w (Answer) 
Again, Q = iat 

150710 

=e 25.45W(Answer) 


9. For the plane stress shown in the stress element, draw the Mohr’s circle to find the 
maximum in plane shearing stress and corresponding normal stress. 


6 MPa 


10 MPa 
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Solution: 
Given, 0, = 10MPa, = 6 MPa, Ty = 0 
We get, OC= °F = 1046 = 8 MPa 


“2 


R= [Baw [ext $)2 + 0 = +2MPa 


-.Maximum shear stress= +2 and minimum shear stress=—2. 


2 
: 6x+6 Ox-0 
Maximum Normal Stress, 6, = OC + R = = + (=) + Ty? 


= 8+ 2 = 10MPa (Answer) 
Minimum Normal Stress, 
ce ne 

5, =0C-R= 2 |(%)" + 4,2 = 8 — 2 = OMPa (Answer) 

10. Compute the pressure drop when water flows at 3 L/s through a steel pipe with 
diameter and length 50mm and 40 m respectively. Assume density of water 1000 
Kg/m’ and friction factor 0.02. 

Solution: : 

Here, Q=3 L/s= 3 x 1073m?/s, d=50mm =0.05m; L= 40m, p = 1000 Kg/m?; f= 0.02; 


3x10 
We get, Q=AV, «. V= 2 = =a =1.527 ms7 


a ee 0.02%40x(1.527)2 


ET Qed ~ -2x9.8x0.05 = 1.903m 
From the two end of the pipe, 
P,P, 
—=—+ he 
eee 4 
P,—P 
=> = he 


=> P, << P, = he x Y 
= 1.903 x 9.8 
= 18.653 KPa (Answer) 
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11. Construct shear and bending moment diagrams showing peak values for the simply 
supported beam loaded with the forces shown in figure. 


a —| 


P P 


= 


[See the Similar drawing PGCB-2019 |] 
Multiple Choice Questions: 


1. The physical mechanism of viscosity is one of transfer. 
a. Heat 
b. Momentum 
c. Velocity 
d. Particle 
2. Identify the correct statement. 
a.. Petrol engine draws a mixture of diesel and air during suction stroke 
b. Diesel engine has lower compression ratio than a petrol engine. 
c. Thermal efficiency of a diesel engine is higher than a petrol engine. 
d. A diesel engine runs on Otto cycle 
3. When connected to the engine, the tachometer measures 
a. Engine torque 
b. Engine speed 
c. Engine compression 
d. Engine temperature 
4. Reynolds number is 
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inertia force 


thermal diffusivity 
b Static pressure orces 


thermal diffusivity 
inertia force 


viscous force - 
Static Pressue force 


viscous force 


5. Which quantity is not listed in a typical psychometric chart? 
a. Entropy 
b. Enthalpy 
c. Relative humidity 
d. Wet-bulb temperature 
6. The power required to drive a centrifugal pump is 


qa, WHm Hm = manometric head 
Qno i w=Specific weight 
b. == Q=Discharge rate of pump 
a No = overall efficiency of pump 
* Hmno 
wQHm 
Hm 


7. Inarefrigeration system the expansion device is connected between the 
a. Compressor and condenser 
b. Condenser and evaporator 
c. Compression and evaporator 
d. None of the above 
8. The number of working strokes per minute for a four stroke cycle engine are the 
speed of the engine in rpm. 
a. Equal to 
b. One-half : 
c. Twice 
d. Four times 
9. Which of the following pumps is generally used to highly viscous fluid? 
a. Centrifugal pump 
b. Reciprocating pump 
c. Diaphragm pump 
d. Screw pump _ 
10. The primary function of economizers in boiler is to 
a. Increase the temperature of the standard steam without raising its pressure 
b. Recover heat from the boiler flue gas to heat air for combustion 
c. Heat feed water by utilizing heat from flue gases 
d. All of the above 
11. Octane number of iso-octane is 
a. 0 
b. 50 
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c. 100 
d. 128 
12. The desirable property of a refrigerant is 
a. Low boiling point 
b. Low critical temperature 
c. Low latent heat of vaporization 
d. Low COP 
13. The design of a thin walled pressure vessel is based on 
a. Longitudinal stress 
b. Hoop stress 
c. Botha&b 
d. Radial stress 
14. Which fuel has the highest heating value in weight basis? 
a. Kerosene 
b. Natural gas 
c. Diesel 
d. Gasoline 
15. The difference between higher heating value and lower heating value is 
a. Heat lost to atmosphere 
b. Latent heat of steam produced in combustion 
c. Difference of heat between solid and liquid fuel 
d. Heat absorbed by cooling water of calorimeter 
16. A helical coil spring of stiffness K is cut into two halves, the stiffness of the cut spring 


will be 


a. Same 

b. Half 

c. Double 

d. One fourth 


17. Rotameter is used to measure 
a. Viscosity 
b. Specific gravity 
c. Rotation or vortex 
d. Flow rate 
18. Brake power of an IC engine is 
a. Power available at the flywheel 
b. Power actually developed by the engine 
c. Frictional power overcome by the engine 
d. Energy supplied by the fuel 
19. Which is not a function of lubricants 
a. Prevent knocking 
b. reduce friction 
c. carry away contaminants 
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d. seal for gases 
20. The Kaplan turbine is a 
a. Impulse — reaction turbine 
b. Impulse turbine 
c. Reaction turbine 
d. None of the above 


Power Grid Company of Bangladesh (PGCB)-2015 


1. Write some names of gears. Mention the applications of worm gear. 
Answer: Name of gears: 1.Spur gear, 2. Worm gear, 3.Bevel gear, 4.Helical gear etc. 
Applications of worm gear: Worm gearing finds wide application in material handling and 
transportation machinery, machine tools, automobiles etc. 
2. What is ton of refrigeration? Convert 1K W into ton. 
Ton of refrigeration: A ton of refrigeration is defined as the amount of refrigeration effect 
produced by the uniform melting of one ton (1000 kg) of ice formed and at 0 degree Celsius 
in 24 hours. 
Since the latent heat of ice is 335 kJ/kg therefore, one ton of refrigeration 
1 TR= 1000x335 KJ in 24 hours 
= (1000 «335)/ (24x60) = 232.6 KJ/ min 
= 232.6/60 =3.87 KW. 
In actual practice one ton of refrigeration is taken as equivalent to 210 KJ/min or 3.5 KW 
3. Write the name of 5 systems of an engine. 
Answer: | 
1. Air intake systems 
2. Exhaust systems 
3. Cooling systems 
4. Lubrication systems 
5. Fuel systems 
4. Difference between evaporation and boiling. In which surface it works? 
Answer: Difference between Boiling and evaporation: 
1. A process in which a substance changes its state from the liquid state to the 
gaseous state is called boiling and a process in which a substance changes its state 
from the liquid state to the gaseous state without boiling is called evaporation. 
2. Evaporation may occur when the partial pressure of vapor of a substance is less 
than the equilibrium vapor pressure. Boiling is a phase transition from the liquid 
phase to gaseous phase that occurs at or above the boiling temperature. 
3. Boiling occurs throughout the liquid whereas; evaporation takes place only from 
the exposed surface of the liquid. 
4. In boiling bubbles are formed but no bubbles are formed in evaporation. 
5. Boiling is a rapid process while Evaporation is a slow process. 
6. Boiling requires an external source of heat while evaporation can occur using the 
internal energy of the system. 
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5. What is air conditioner? Write difference between air conditioner and cooler. 
Answer: An air conditioner is system designed to change the air temperature and humidity 
within an area. It can either be cold or hot. 

Difference between air conditioner and cooler: 

a) An air conditioner is a system designed to change the air temperature and humidity 
within an area. It can either be cold or hot whereas a cooler cools the air by evaporating 
the air. 

b) In air conditioner warm air is run over refrigerant-filled coils, which absorbs heat and 
changes it from liquid to a gaseous state. The air is then converted back to liquid state and 
evacuated outside while in air cooler the air is pulled through the back of the unit and 
processed through wet absorptive pads and cooled. 

c) Air conditioner is less efficient compared to coolers. 

d) Conditioner is less environmental friendly. 

6. Write the function of economizer and baffles. 

Answer: 

Function of Economizer: Economizer is a device used for heating feed water which is 

supplied to the boiler by utilizing heat in the exhaust flue gases before leaving through the 

chimney. 

Function of Baffles: Baffles are used in Boilers to reduce turbulence in the flow of the hot 

combustion gases over the boiler tubes. The baffles maintain proper velocity of the gases 

which enables efficient energy transfer. 

Baffles also guide the fly ash and slag to the proper place for deposition from where they can 

be easily removed. 

If the Baffles are damaged, it will result in overheating at certain places and poor heating in 

others. 

7. Write the applications of gas turbine. What are the advantages with respect. to 
engine and steam turbine? 

Applications of gas turbine: 

1. Gas turbine plants are used as standby plants for the hydro-electric power plants. 

2. Gas turbine power plants may be used as peak loads plant and standby plants for 
smaller power units. 

3. Gas turbines are used in jet aircrafts and ships. Pulverized fuel fired plants ‘are 
used in locomotive. 

Advantages: 

1. It is smaller in size and weight as compared to an equivalent steam power plant. For 
smaller capacities the size of gas turbine power plant is appreciably greater than a 
high speed diesel engine plant but for larger capacities it is smaller in size than a 
comparable diesel engine plant. If size and weight are the main consideration such as 
in ships, aircraft engines and locomotives, gas turbines are more suitable. 

2. The initial cost and operating cost of the plant is lower than an equivalent steam 
power plant. 

3. The plant requires less water as compared to a condensing steam power plant. 

4. The plant can be started quickly, and can be put on load in a very short time. 
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5. There are no standby losses in the gas turbine power plant whereas in steam power 
-plant these losses occur because boiler is kept in operation even when the turbine is 
not supplying any load. 

6. The maintenance of the plant is easier and maintenance cost is low. 

8. Draw the Rankine cycle and mention the function in every stage. 
Answer: The T-S Diagram of Rankine cycle is shown below: 


T 


1-2 isentropic compression in a pump 

2-3 Constant pressure heat addition in a boiler 

3-4 isentropic expansion in a turbine 

4-1 Constant pressure heat rejection in a condenser 


9. A centrifugal pump having capacity 0.02 cusec can lift water at height of 100ft. if the 
efficiency is 62%. Find HP. (Similar) 

Solution: Here, Q = 0.02 cusec = 0.02 ft?/ Sec = 0.02 0.0283 m3 /sec 

= 5.66x 107*m3/sec ; ; H= 100ft = 30.48m, n = 0.62 


We know, Power, P = —= 9,81 1000%5.66x 10-4 30.48 


0.62 
= 272. 966W 


_ 272.966 _ 
age 0.36 HP (Answer) 


10. The wall thickness of a 4-ft-diameter spherical tank is 5/6 inch. Calculate the 
allowable internal pressure if the stress is limited to 8000 psi. (Similar) 
Solution: We get, 


PD 
Ce} — ot 
- Px4x12 
x4xX1 
= 8000= -*** 
axe 


“-P =555.6 psi (Answer) 
11. Drawing 
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West Zone Power Distribution Company Ltd. (WZPDCL)-2016 


Venue- MIST, Departmental- 70. GK 30. 


1. Write the of Kelvin-Plank and Clausius statements of second law of thermodynamic. 
Answer: 

According to Kelvin-Planck- “It is impossible to construct an engine working in a cyclic 
process whose sole purpose is to convert heat energy into an equivalent amount of work. 
Clausius Statement: It is impossible for a self-acting machine working in a cyclic process to 
transfer heat from a body at a lower temperature to a body at a higher temperature without 
the aid of an external agency. 

2. Write notes on -a) Reversible process., b) Irreversible process, c) Adiabatic system 

d) Entropy . 

Answer: a) Reversible process: A reversible process (also sometimes known as quasi-static 
process) is one which can be stopped at any stage and reversed so that the system and 
surroundings are exactly restored to their initial states. 

This process has the following characteristics: 

1. It must pass through the same states on the reversed path as were initially visited on the 
forward path. 

2. This process when undone will leave no history of events in the surroundings. 

3. It must pass through a continuous series of equilibrium states. 

No real process is truly reversible but some processes may approach reversibility, to close 
approximation. 

b) Irreversible process: Irreversible processes are the processes in which the system and its 
surroundings cannot be simultaneously returned to their initial states after the process has 
been completed. 

Examples. 

(a) Relative motion with friction (ii) Combustion (iii) Diffusion (iv) Free expansion (v) 
Throttling (vi) Electricity flow through a resistance (vii) Heat transfer (viii) Plastic 
deformation. 

c) Adiabatic system: An adiabatic process is one that occurs without transfer of heat or 
matter between a thermodynamic system and its surroundings. In an adiabatic process, 
energy is transferred only as work. Such a process can be reversible or irreversible. 

d) Entropy: The measure of the level of disorder in a closed but changing system, a system: 
in which energy can only be transferred in one direction from an ordered state to a disordered 
state. Higher the entropy, higher the disordered state. Higher the entropy, higher the 
disordered lower the availability of the system’s energy to do useful work. i.e. 


ds = = Where, ds = change of entropy. 
3. What is the difference between fire tube and water tube boiler? 


Answer: 
Fire Tube Boiler 


a) The hot gases from the furnace pass 
through the tubes which are surrounded by 
water. 


a) The water circulates inside the tubes 
which are surrounded by hot gases from. 
the furnace. 
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It generates steam at a highest pressure 

upto 165bar. 

c) The rate of generation of steam is high i.e. 
upto 450 tonnes per hour. 

d) For a given power, the floor area required 
for the generation steam is less, i.e. about 
5 m? per tonne per hour of steam 
generation. 

e) Overall efficiency will economizer is upto 
90%. 

f) It can be transported and erected easily as 
its various parts can be separated. 

g) It is preferred for widely fluctuating loads. 

h) The direction of water circulation is well 
defined. 

i) The operating cost is very high. 

j) The bursting changes are more. 

k) The bursting does not produce any 

destruction to the whole boiler. 

It is used for large power plants. 

4. What are CFC, HCFC and HFC? Give example of them with the effect on 
environmental pollution. 

Answer: 

CFC (chlorofluorocarbons): They are molecules composed of carbon, chlorine and 

fluorine. They are stable, allowing them to reach the stratosphere without too many 

problems. At this stage, by transforming it contributes to the destruction of the ozone layer. 

HCFC (hydro chlorofluorocarbon): They are molecules composed of carbon, chlorine, 

fluorine and hydrogen. They are less stable than CFCs destroy ozone and to a lesser extent. 

These are called transitional substances. 

HFC (hydro fluorocarbons): They are molecules composed of carbon, fluorine and 

hydrogen. They do not contain chlorine and therefore do not participate in the destruction of 

the ozone layer. This is known as substitution substance. Restrictions on this family of gas 

are currently limited. 

5. Write the difference between pump, compressor, blower and fan. 

Answer: 

Pump: A device which converts mechanical energy from a shaft into hydraulic (pressure) 

energy of a liquid. A pump is a device used to move fluids, such as liquids or slurries. A 

pump displaces a volume by physical or mechanical action. Pumps fall into two major 

groups: positive displacement pumps and roto dynamic pumps. For example, reciprocating 

pumps and gear pumps are positive displacement pumps whereas centrifugal pumps and 

submersible pumps are roto dynamic pumps. 

Fan: A fan is a gas pump with relatively low pressure rise and high flow rate. Examples: 

window fans, ceiling fans, fans in computers and other electronics equipment, radiator fans in 

cars, etc. 

Pressure Ratio (the ratio of the discharge pressure over the suction pressure): upto 1.11. 


It can generate steam only upto 24.5 bar. 

c) The rate of generation of steam is high i.e. 
upto 9 tonnes per hour. 

d) For a given power, the floor area required 
for the generation steam is less, i.e. about 8 
m*per tonne per hour of steam generation. 

e) Overall efficiency will economizer is upto 
75%. 

f) The transportation and erection is difficult. 
g) It can also cope reasonably with sudden 
increase in load but for a shorter period. 

h) The water does not circulate in a definite 
direction. 

i) The operating cost is less. 

j) The bursting changes are less. 

k) The bursting produces greater risk to the 
damage of the property. 

It is not suitable for large power plants. 
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Blowers: A blower is a gas pump with relatively moderate to high pressure rise and 

moderate to high flow rate. 

Examples: leaf blowers, hair dryers, air blowers in furnaces and automobile ventilation 

systems. 

Pressure ratio: 1.11 to 1.20. 

Compressor: A compressor is a gas pump designed to deliver a very high pressure rise, 

typically at low to moderate flow rates. 

Examples: tire pumps, refrigerator and air conditioner compressors. 

Pressure Ratio: Above 1.20. 

6. Draw the schematic diagram and T-S diagram of regenerative gas turbine power 
plant cycle. 

Answer: A regenerative cycle is illustrated in Figure below: 


C —? Compressor 
T —> Turbine 
Air L —> Load 


7. What is critical speed and whirling speed? 

Answer: In Solid mechanics, in the field of rotor dynamics, the critical speed is the 
theoretical angular velocity which excites the natural frequency of a rotating object, such as a 
shaft, propeller or gear. As the speed of rotation approaches the objects natural frequency, the 
object begins to resonate which dramatically increases system vibration. The resulting 
resonance occurs regardless of orientation. 

Whirling Speed is due to the unbalanced forces acting on a rotating shaft. 
8. Why superchargers and turbochargers is used in engine? 
Answer: Supercharger/Turbocharger: It is a device that helps in compression of additional air 
required for the efficient combustion of the fuel air mixture. The advantage of compressing 
the air is that it lets the engine stuff more air into a cylinder. At high speed and at high 
altitude there is a shortage of the intake air. At such times there is incomplete combustion 
which may lead to the loss of power. To avoid this loss, a device is installed in an automobile 
which increases the compression of air thus ensuring sufficient supply of air. 

Difference between a supercharger and turbocharger: 

The key difference between a supercharger and a turbocharger is the source of power for 
their operation. A supercharger consumes that is generated from the engine of the vehicle. It 
runs through a belt that is connected to engine shaft. Thus it is less efficient. 

On the other hand, Turbocharger operates on the exhaust gas energy that would otherwise go 
waste. Thus it is an efficient device as compared to supercharger. However, there is an 
uncertainty involved with the turbocharger. For example the exhaust gas energy varies with 
speed and thus there is a certain lag when turbocharger is in operation. A supercharger has 
constant supply of energy and thus lag is negligible. But a supercharger is constant supply of 
energy and thus lag is negligible. 


a 
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13. What is heat treatment? Why it is done? 
Answer: Heat treatment: The process of heat treatment is carried out first by heating the 
metal and then cooling it in the caustic soda solution, brine, water, oil or air. 
The purpose of heat treatment is to soften the metal, to change the grain size, to modify the 
eee of the material and to relieve the stresses set up in the material after hot or cold 
working. 
14. A base load power plant has the capacity of 18000KW and a standby power plant 
has the capacity of 20000KW and Peak load of peak load unit 12000kW. The standby 
power plant runs 2910Hrs per year where the base load is year round. Peak load of 
Standby station unit is 12000kW. The annual generation of base load power plant is 
101,350,000K Wh and of standby power plant is 77,350,000K Wh. Find the load factor, 
plant capacity factor and the use factor of these two power plants. 
Solution: 
Standby Power Plant 
Capacity of Plant, C=20000 kW 
Energy generated per year, E= 77,350,000kWh 
Hours of working per year,t = 2910 hrs 
Hours in year, T=8760 
Maximum demand, M = 12000Kw 

E 77,350,000 


: = — = —_—— = = 9, 
a) Annual load factor ° MxT — 1200x8760 0.736 = 73.6% 
b) Plant use factor = oxt = 29000x8760 = 0.44 = 44% 
c) Capacity factor = — = —— = 1.33 = 133% 


Ccxt _20000x2910 
Base Load Power Plant 
Capacity of Plant, C=18000 kW 


Energy generated per year, E= 101,350,000kWh 
Maximum demand, M = 12000MW 


E ,350,000 
a) Annual load factor = —~- = aise = 0.964 
mrad QHher 
b) Plant use factor = — = ———— = 0.64 = 64.3% 
CC 18000x8760 


c) Capacity factor = —- = 22°00 _ 9.643 = 64.3% 


Cxt _ 18000x8760 


Some General Question WZPDCL 
Translate into English (1 to 5) 
1. FSrT CAS BTS BS BE Bev I 
Ans: It has been drizzling since morning 
2. Galt aan qefaafs cory rat | 
Ans: The girl is as intelligent as brilliant. 
3. Oy waq wg fest 14 AT 
Ans: I will die rather than tell a lie. 
4. Oa Ma a Fa | 
Ans:Cut your. coat according to your clothes 
5. Stata Ur Hf TS IAT MHCST | 
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Ans: If I had the wings like a bird. 

6. raha aly Rrarcaa Bhs cH? 

Ans: 2fiya aaa 

7.Who is the Writer of a long walk to freedom. 
Ans: Nelson Mandela 

8.In which year International Mother Language Day was announced? 
Ans: November 17, 1999. 

9. Full meaning: 

1.LED: Light-Emitting Diode 

2.CFL: Compact Fluorescent Lamp 

10. Who is the Present UN representator of Bangladesh? 
Ans: Masud Bin Momen 

11. 9feta frebor aR corte? 

Ans: && 

12. em afeert TarEriBiata ary fs? 

Ans: SIRSAT COCHTATST 

13. In which year Bangladesh achieved test status? 
Ans: 2000 

14, Scar ar CHIT YS TAPTAATH AH BCA? 

Ans: Mediterranean Sea and Red Sea 

15. who is the current president of FIFA? 

Ans: Gianni Infantino 
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Dhaka Electric Supply Company Limited (DESCO) 
Post: AE (Electrical/Mechanical) 
Time-10.00AM to 11.30AM 
Date: 27.05.2016 
Exam Hall: ECE,CE,EME Building, BUET 


1. A refrigerator can introduce 3000Kg of ice 0°C from water at 30°C in 6 hours. 
Determine the tonnage capacity. of the refrigeration in TOR and KW. 
Solution: | 
Given, m = 3000Kg; t = 6x60 mins; A@ = 30K 
We get, 
C ; mle msA@ 
2 ape = 6560 6.60 
3000 x 335 3000 x 4.2 x 30 
= EOBOL 6 x 60 
= 3841.65 KJ/min 
= 18.27 TOR (Answer) 
= 64 KW (Answer) 


2. Draw the block diagram of a vapor compression refrigeration system and shown the 
cycle in p-h and T-S plane with sub-cooling. 
Answer: 


——— Enthalpy— 
(a) T-s diagram. (4) p-& diagram. 


3. A pressure gauge attached to a rigid tank reads a vacuum of 60Kpa.If the 
atmospheric pressure is 12m of water column, find the absolute pressure of air 
inside the tank in KPa. 

Solution: Given, Vacuum Pressure = 60KPa; 

Atmospheric Pressure = 12m of water = 12x 9.81 = 117.72 KPa 
.. Absolute pressure = Atmospheric Pressure - Vacuum Pressure 


= (117.72 - 60) KPa = 57.72 KPa (Answer) 
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4. Draw the P-V and T-S diagram and the name of the different processes involved in 
a four stroke petrol engine. 
Answer: 


Where, © 
1-2: Adiabatic compression 
2-3: Isochoric heat addition 
3-4: Adiabatic expansion 
4-1: Isochoric heat rejection 
5. Draw the schematic diagram for the Brayton cycle (two stage compression) in a gas 
turbine with inter-cooling and reheating. 
Answer: 


Intercooler 


[| 


6. A diesel engine has a compression ratio of 20 and cut-off takes place at 5% of the 
stroke. Find the air standard efficiency. Assume y = 1.4. 


Solution: Given, r= “ = 20; y = 1.4; 
1 
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Volume at cut off = V, = V, + 0.05(V, — V;) 

Let, V, = 1; V, = 20 

-. Volume at cut off = V. = V, + 0.05(V, — V,) 
=1+0.05(20—1) = 1.95 


V2 
“. Cut off ratio = v. = 1.96 


=4 = 


1 1.9614 -—1 
2014-1 | 1.4(1.96 — 1) 
= 0.6485 or 64.85% (Answer) 


7. Heat is transferred from 2m x3m steel plate due to the flowing of air with heat 
transfer co-efficient of 5.5 W/m? ‘C. The temperature of the path is 80°C and that of 
the flowing air is 25°C. Calculate the amount of heat transfer. 

Solution: Given, Area, A = 6 m*; h=5.5 Wim? °C, AT = 80-25 =55 C 

We get, The amount of heat transfer = hA AT 

=5.5x 6x55 


= 1815 W (Answer) 
8. Find out the value of ‘I’: 


22 10 


Solution: 

We get from Loop 3: 1; = 6A 

From Loop 1:1, x (2+ 1) — I; x1=0 
= 31,-6=0 

an I, =2A 

From Loop 2: I, x (2+ 1)-1,x2=0 
>31,-2x6=0 

“I1Z=4A 

“IT=1],—-1,=2-4=-2A (Answer) 
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9. Find equivalent resistance between A-B in the following circuit: 


Solution: 


3444342 _ 
12 


1 1 1 
ea 1 


1 

RaB 4 

- Rag = 10 (Answer) 

10. A 3 phase, Shp, 220V Y-connected motor has an efficiency of 85%. Determine power 
factor when it draws 15A current from line. 

11. Draw the connection diagram for two wattmeter method of measuring 3 Phase 

ower of an unbalanced system. 


. 
“ 
t 
' 
" ———| 


ig.: In case of Delta connected load | 


12. Write down the names of the methods of speed control for DC shunt motors. 
The speed of a shunt motor can be changed by 
(i) Flux control method 
(11) Armature control method 
(iii) Voltage control method 
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13. Draw typical open circuit characteristic (OCC) curves of a DC shunt generators at 
two different rpm setting (n; and n2, n)>n). 


as Ny 
oh et INg 
WW 
2 
iG 
ae 
% Ny?N2 
3 
Fy 
QO 
RO sitet tet oe hs 
oO Field Current {- - * 


14. Assuming the didoes to be ideal, draw the output voltage (Vo) wave from for the 
circuit shown below. The input voltage (V;) is sinusoidal with a magnitude of 20 
(peak to peak) and a frequency of 100Hz. 
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1. Prime minister of which country resigned due to panama papers scandal? 

And: Iceland's Prime Minister Sigmundur David Gunnlaugsson 

2. Secretary General of commonwealth nations? 

And: Patricia Scotland, Baroness Scotland of Asthal 

3. Victoria Fall’s base river - in southern Africa on the Zambezi River at the border of 
Zambia and Zimbabwe. 

4. G-7 countries 

Ans: Canada, France, Germany, Italy, Japan, the United Kingdom, and the United States. 

5. Duralumin is an alloy of copper and ? 

Ans: Aluminium 

6. War of roses 

Ans: The Wars of the Roses were a series of dynastic wars for the throne of England. 

7. Tunnel between France and Italy 

Ans: Mont Blanc Longest Tunnel in World (Road) 

8. Land of thousands lakes 

Ans: Finland 

9. Where will UEFA Euro 2016 be held ? 

Ans: France from 10 June to 10 July 2016. 

10. Brexit means- 
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Ans: Before the end of 2017, British voters will decide whether their country will remain a 
part of the European Union. Brexit is an abbreviation of "British exit" that mirrors the term 
Grexit. It refers to the possibility that Britain will withdraw from the European Union. The 
country will hold an in-out referendum on its EU membership on June 23. 

11. jeevan rekha life line express is 

Ans: World's first hospital train Prime minister of which country resigned over 

12. Who is the Secretary General of commonwealth? 

Answer: Patricia Scotland 

Bangla 

do. wis as APS ory fH2- PAT 

98. OTP as afr Tey 

s¢ Laqea BAH Bla CTA? HAH vcs | 

du SAS Ba ret? frefSeat weHTATITT 

39.8 Aisles APH PHA SfbPrS 

WW LTT AAA Wa? TIF 

Sa.te AeA Sat Bra 

20.2f5 he Fad = oo fF 

9.74 OF OTR APT fafes Gar ars aie foe Teala VI-CATSA 

QQ IETS FA CTAT CAPA AMINGATS TROT 

23.Antonym: Meticulous -- undemanding 

14.Antonym: Pious--impious 

25.Antonym: Felicitation -- denunciation 

26.Kemal Ataturk was-- the founder of modern Turkey 

27.The tunnel that connects France and Italy is 

A. St. Gothard road Tunnel 

B. Mont Blanc Tunnel 

C. Mersey (Queens’s way) Tunnel 

D. Orange Fish rivers Tunnel 
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M.Sc. Admission Question, BUET.-2016 

Full Marks- 100, Total Questions- 30 

Time: Lhr 30 mins 
1. Write the difference between stress intensity and fracture toughness. 
Answer: 
Stress Intensity: 
The stress intensity factor, K, is used in fracture mechanics to predict the stress state ("stress 
intensity") near the tip of a crack caused by a remote load or residual stresses. It is a 
theoretical construct usually applied to a homogeneous, linear elastic material and is useful 
for providing a failure criterion for brittle materials, and is a critical technique in the 
discipline of damage tolerance. 
Fracture Toughness: 
In materials science, fracture toughness is a property which describes the ability of a material 
containing a crack to resist fracture, and is one of the most important properties of any 
material for many design applications. 
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2. Write two dimensionai heat conduction equation and application. 
Answer: The controlling differential equation for two dimensional steady state heat 
conduction is given by, 

&t 8t q 1 6T 

8x? aye a dt 
3. Difference between pump, fan, blower, compressor. 
Answer: 
Pump: Pumps increase the mechanical energy of the liquid, increasing its velocity, pressure, 
or elevation-or all three. Devices used to transport/move incompressible fluid through pipes 
& channels. 
Example: Positive-Displacement Pumps (Piston, plunger, diaphragm, lobe, gear, screw etc.) 
Centrifugal Pumps. 
Fan: A fan is a gas pump with relatively low pressure rise and high flow rate. Examples: 
window fans, ceiling fans, fans in computers and other electronics equipment, radiator fans in 
cars, etc. 
Pressure Ratio (the ratio of the discharge pressure over the suction pressure): upto 1.11. 
Blowers: A blower is a gas pump with relatively moderate to high pressure rise and 
moderate to high flow rate. 
Examples: leaf blowers, hair dryers, air blowers in furnaces and automobile ventilation 
systems. 
Pressure ratio: 1.11 to 1.20. 
Compressor: A compressor is a gas pump designed to deliver a very high pressure rise, 
typically at low to moderate flow rates. 
Examples: tire pumps, refrigerator and air conditioner compressors. 
Pressure Ratio: Above 1.20. 


4. Define Reynolds number. Write the of Reynolds number value for laminar and 
turbulent flow in flat surface and pipe ; 
Reynolds Number: It is defined as the ratio of the inertia force to the viscous force. 1.e., 
Re = Inertia Force/Viscous Force= pVD/p= VD/9 
For flat plate- Values under 500,000 are classified as Laminar flow where values from 
500,000 to 1,000,000 are deemed Turbulent flow. 
For pipe flow if Re <2000, the flow is laminar, if Re>4000, the flow is turbulent. 
If 2000 <Re<4000 it is transition. 
5. Explain VVT, DI, Turbo charger. 
Answer: 
VVT (variable valve timing): 
In internal combustion engines, variable valve timing (VVT) is the process of altering the 
timing of a valve lift event, and is often used to improve performance, fuel economy or 
emissions. It is increasingly being used in combination with variable valve lift systems. 
There are many ways in which this can be achieved, ranging from mechanical devices to 
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electro-hydraulic and camless systems. Increasingly strict emissions regulations are causing 
many automotive manufacturers to use VVT systems. 

DI (Direct Injection): 

Gasoline direct-injection engines generate the air/fuel mixture in the combustion chamber. 
During the induction stroke, only the combustion air flows through the open intake valve. 
The fuel is injected directly into the combustion chamber by special fuel injectors instead of 
carburation. 

Turbocharger: 

Turbocharger is a forced induction device used to allow more power to be produced for an 
engine of a given size. They compress air flowing into the engine. The advantage of 
compressing the air is that it lets the engine squeeze more air into a cylinder & more air 
means that more fuel can be added. Then more power gets from each explosion in each 
cylinder. A turbocharger produces more power overall than the same engine without the 
charging. It also employed in diesel engine. 

6. Draw cooling circuit diagram of a car. 


Answer: 
Filler cap 


Walter pump 


7. Draw the schematic and T-S diagram of vapor compression refrigeration system. 
Expansion 


Evaporator 
valve a 
0} 
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(a) T-s diagram. (4) p-A diagram. 


8. Name 3 fluid measuring meters. Which one has the best accuracy? 
Orifice meter: It is a device used for measuring the rate of flow of fluid through a pipe. It is 
cheaper device a compared to venturimeter. It consists of a flat circular plate which has a 
circular sharp edged hole called orifice through it may vary from 0.4 to 0.8 times the pipe 
diameter 
Venturimeter: A venturimeter is a device used for measuring the rate of flow of fluid 
flowing through a pipe. It is based on the principle of Bernoulli’s equation. It consists of 
three parts: 

(a) A short converging part (b) Throat, and (c) Diverging part 
Pitot tube: It is a device for measuring the velocity of flow at any point in a pipe or a 
channel. It is based on the principle that if the velocity of a flow at point becomes zero, the 
pressure there is increased due to the conversion of the kinetic energy. It consists of a glass 
tube bent at right angles. 

> Among three of the above Venturimeter has the best accuracy. 
9. What is deareation? Why Is It done and where? 
Answer: Deaeration is the removal of dissolved or entrained gases from water to be used as 
boiler feed or for other processes. The gases of concern to steam plant operators are usually 
oxygen and carbon dioxide which are present in water due to natural cases. 
Why it is done: 
Oxygen and carbon dioxide present in untreated water cause corrosion of the usual boiler and 
steam plant materials. The rate of the corrosive action is proportional to the amount of the 
gas present in the feedwater and is accelerated by high temperature. 
There are five major problems directly associated with water quality that will effect boiler 
performance. These are Scale formation, Corrosion, Fouling, Foaming and Embrillement. 
10. Write down the assumptions of Bernoulli’s equation. Write down Bernoulli’s 

equation for a horizontal stream line. 
Answer: Assumptions: 1. the fluid is ideal, i.e. viscosity is zero. 2. The flow is in 
compressible and steady and saaaees 

2 

Bernoulli’s Equation: < + 7 Le = : 7242 oan = Z2+ he 
11. Write the T-S diagram of ideal eheat steam cycle. 
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Low-pressure 
turbine 


fig- _ re-heat cycle 
12. Two plates are compressed and their joining surface is ribbed surface. Write down 


the equation of rate of heat transfer? 
13. Write velocity profile of boundary layer of laminar and turbulent pipe flow and for 


flow over a plate. 
Fully Developed Flow 


jp-—————mestablished flow 
= a 


entrance length ____——+ 
(a) Laminar Flow 


—— entrance length ————» 
(b) Turbulant Flow 


Fig.: Boundary layer for pipe flow 


$e 
Sa 
‘as : #= 0.99 L 
Transition Region 
aR 
ie 
Turbulent 


Transition Point 


x 


Fig.: Boundary layer for flat plate. 


Fundamentals of Mechanical Engineering QB-5 I 


14. Draw TOP VIEW, FRONT VIEW and RIGHT Side, LEFT side VIEW. 


Mathematical Problems: 

We cannot collect the mathematical data. So we are unable to provide any solution. Just 
related topics are given: 

Power plant related math with varying load in 24hrs. 
Spherical thin wall pressure vessel. 

Helical gear pitch circle diameter and angle. 
Counter flow heat exchanger LMTD related math. 
Fluid mechanics math (Mach number related). 
Pulley related math. 

Fluid mechanics frictional head loss related math. 
Gear train related math. 

Draw SFD of a beam with point load 


eS oS ore 
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Gas Transmission Company Ltd.(GTCL)-2016 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 11.30AM 
Date:03.06.2016 
Exam Hall: EME Building, BUET 
[Technical Question Only] 
1x 10 = 10;5 x 12 = 60 

1. For safety, control and operation which one is used? 

a) Boiler mountings 

b) Boiler accessories 

¢) Boiler mountings and accessories 

d) All of the above 
2. Emission of exhaust gas contains harmful elements- 

a) CO, CO2, HC,H20,Sox,NOx and PM (Particulate Matter) 

b) CO, CO2, HC,SOx,NOx and PM (Particulate Matter) 

c) CO, CO2, HC,H20,NOx and PM (Particulate Matter) 

d) CO, CO2, HC,H20,Sox,NOx and PM (Particulate Matter) 
3. Stoichiometric air fuel ratio means ratio of- 

a) Mass of air to mass of fuel 

b) Mass of fuel to mass of air 

c) Volume of air to volume of fuel 

d) Volume of fuel to volume of air 
4. Which measures the flow rate of the closed channel? 

a) Odameter 

b) ------- 

c) Orifice meter 

d) V-notch 
5. Stress concentration occurs due to 

a) Excessive stress 

b) Uniformly distributed stress 

c) Non-uniformly distributed stress 

d) ------ 

Note: There is confusion with this question. In machine design book of khurmi says, 

stress concentration occurs due to — abrupt change of cross-section. 
6. Rockwell test is used for the test of 

a) Hardness 

b) Ductility 

C) n---- d)------ 
7. Principal stress is defined as 

a) Maximum shear stress 

b) maximum normal stress 

c) Maximum shear stress and maximum normal stress 
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8. 


11. 


12. 


Octane number increases means the- 

a) Increasing of knocking tendency 

b) Increasing the possibility of auto ignition 

c) Increasing the resistance to knocking 

Buckling load increases by with the slenderness ratio. 
a) Increasing 

b) Decreasing 

c) Both 


. What is the full meaning of EFI — 


a) Electronic Fuel Ignition 
b) Electric Fuel Ignition 
c) Electronic Fuel Injection 
d) Electrical Fuel Injection 
By the definition of tonnage capacity calculate the amount of refrigeration 
tonnage in terms of KW. The latent heat of water to ice of 0 °C is 333.55 KJ/Kg. 
Solution: 
For (short) ton of refrigeration: 
One short ton = 2000 Ib 
(2000x0.4536)x333.55 


By the definition we get, tonnage capacity = 24x3600 


= 3.50 KW (Answer) 


For Tonne of refrigeration: 


. : 1000x333.55 
By the definition we get, tonnage capacity = - err 


= 3.86 KW (Answer) 
Write while the petro] engine or diesel engine is used in the following vehicles: 


Name of the Vehicles Petrol or Diesel Engine 
Buses, Trucks Answer: Diesel Engine 
(Heavy Duty, High speed) 
’ Scooters, Motorcycles, Cars Petrol Engine 
(Light Duty, High speed) 
Aero plane, Aircraft Petrol Engine 
(High speed) 
Ships, Marine vehicles Diesel Engine 


13. 


A hydro-electric power plant works at a head of 200 m. If flow rate is 10 m°/s 
maintained through the turbine and the combined turbine-generator efficiency 
is 76.5%. What will the total electric power available from the plant? 


Solution: Given, H = 200m; Q=10 m’/s; n = 0.765 ; 
We get, n= ee 


pgHQ 
“ P = npgHQ 
= 0.765 x 1000 x 9.81 x 200 x 10 Watts 
= 15.0093MW (Answer) 
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14. Define Reynolds Number. What are the limiting value of the Reynold's for flow to 
be consider on ‘laminar’ or 'turbulent' in case of pipe flow and in case of flat plates. 

Answer: Reynolds Number: It is defined as the ratio of the inertia force to the viscous 

force. i.e., Re = Inertia Force/Viscous Force= pVD/p= VD/9 

Reynolds number Range: 


Flow Through Laminar Turbulent 
Pipe Re<2000 Re>4000 
Flat Plate Re< 5x10° 5x10°<Re<10’ 


15. Water is heated from 35°C to 75°C by oil in a counter flow double pipe heat 
exchanger. The oil enters the heat ex changer at 111°C and leave at 75°C. Calculate 
LMTD in this situation. 

Solution: 

/ T[°C] 


Tiin 


I Zout 


Here, Tcin= 35°C and Tout = 75°C, Thin= 111°C and Thout= 75°C. 
AT, = Thin — Teout = 111 — 75 = 36 and AT, = Thout — Tein = 75 — 35 = 40 
AT, a AT; 


“ LMTD = 37.97 = 38 °C or 38 K (Answer) 

16. A pump is to deliver 10 liters/sec of water at a pressure of 10 bar. If the combined 
efficiency of the drivers motor and the pump is 67%. Calculate the rating power of 
the driving motor. . 

Solution: Here, Q= 10 Litres/sec = 10x 1072 m3/s P= Hpg = 10 bar = 10 x 105N/m? 

—=H= 101.94m . 

We get, H= ee 

_ 10x10°x10x1073 


P 
“P= 14925.37 W or 20 Hp (Answer) 
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17. Estimate the shearing load at which a 25mm diameter steel bolt will be sheared off if 
the shear strength is 140 MPa. 


_ Solution: We get, T= 
=>V=tA 
=> V=140x =D? = 140 x = 0.0257 = 68.72KN (Answer) 
18. Find the power transmitted by a belt drive generating a torque 5O0N.m at 700 rpm. 


Solution: 
2nN __ __ 271X700 


Here, N=700rpm; w = vrs ae 73.30 rad/sec 


We get, P=Txw =50 X 73.30 = 3665.19 Watts = 3.67KW (Answer) 

19. Find out the bursting pressure of a steel pipe of 20mm wall thickness and 280 MPa 
tensile strength. 

Solution: Given, t= 20mm = 0.02m; By the definition of thin wall pressure vessel, 


D D D : D 
t= — or,— or,— Taking, t= — We get, D=0.3m 
15 20 10 15 


PD 
ae 
7: 2toy 

ee alae 


__ 2x0,02xx280 


0.3 
= 37.33 MPa (Answer) 

20. A bus starts from rest with a constant acceleration of 1m/s2. Determine the time 
required for it to attain a speed of 25 m/s and the distance travelled. 

Solution: Given, a=1m/s’, V= 25 m/s 

We get, V= at 

=>25=1xt 

=> t = 25 sec(Answer) 

Again, S= at? = 0.5 x 1 x 25? = 312.5m (Answer) 


21. Draw the TOP view and FRONT view. 


Front view 
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22. Draw the shear force and bending moment diagram. 


P 


BM 


[Non-Departmental Questions Only] 0.560 = 30 


1. Which among the following is busiest ocean trade route? 

a. Suez Canal b. North Atlantic Route c. Panama Canal d. South Atlantic Route 

2. Who is the highest wicket taker in T20 World cup? - Mohammad Nabi 

3. Kyat is the currency of- Myanmar 

4. Why do we use reboot system in a computer?- because the installation of new software 
or hardware . 

5. Who was the finance minister in 1971?- Mansur Ali 

6. What is the scalar unit? a. force b. pressure c. velocity d. acceleration 

7. Vinegar contains the acid- acetic acid 

8. Epicenter is connected with — a) Earthquake b) Volcano c) cyclone 

9. Which pair is not correct? a) Kyro — Nile b) New York — Hardson c) Vieana- Volga ' 

10. Dolomite is the ore of — a) Mg b) Fe c) Pb d) Tin 

11. Which element is most important for stainless stress? a)Chromium b)Carbon c)Tin d)Zn 
12. How to calculate the age of tree? — ring system 

13. Acid rain occurs caused by —-a) CO andS_ b)N2OandS c) 

14. The 69"" film festival was held in — a) Canne Franch b) Zurikh- Suizerland 

15. The study which deals with mountains — Orology 


Synonyms 
16. Brilliant -Dazzling 
17. Handsome- Elegant 
18. Pious- Reverent 
19. Moderate- Unrestrained 
20. Perseverance- Tenacity Prepositions 
21. He reached Chittagong by train 
22. He is taller among of the two brothers 
23. The plane take off the airport 
24. The headmaster sent in student for Mathematics Olympic. 
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25. FRAT Sas Ty CHIT OIA? F) Cals 2%) GAG 
26. WS oa whe face TAT 2- FAA 
27. Afeart aa ah Fete ATG? ASR OPT 
28. Aale feceet COTA SPIT ACH SUB | ARICA “Hab” cars ered Baaw acaca? Preiser 
29. RASS LF ERS- MATS SPIT 
30. ARAN US fox Safhe- ssf 
31. AMOUR ait BIg ATT fe TOG 
32. AIcra Cale wae Cora? 1 
33. AT aa fesishe 1H Carat? SB. aory 2. ferwa 9. foray. FST 
34. Par 44 afors fr- anet 
35. Ga Te free Preah seit are ae | aE CIA SICA Creat? Yao THAT 
36. Fas WS OB AI- age laay | 
37. THATS Ge AWATA?- A. B. fatter c. faficre p. faficart 
38. THT CB STAI *H2- BAT 
39. BE WoTy 1H CHTAfb? F) HY eX) TaTeAT 
40. A companv has its area in comilla , barisal or so on which types of network is used — A) 
LAN B)WAN 
41. What is needed in human body for balancing of water? — 
[ aimee meade Sar HET VAP | |] 
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Gas Transmission Company Ltd. (GTCL 2010) 10x5=50 


1. Draw the typical stress-strain diagram of mild steel showing yield strength, ultimate 
strength and breaking strength on it. 
eG 


A- Proportional limit 

B- Elastic limit 

C- Upper yield point 

D- lower yield point 

E- Ultimate stress/strength 

F- Breaking stress/strength 

G- Actual Rupture Strength 


Stain ———> 

2. A concentrated load P is applied at the midspan of a simply supported beam of 
length L. Draw the shear force and bending moment diagrams of the beam showing 
peak values. 


| 
— L/2 oo 


P/2 be 


SFD See 


PL/4. ss 


3. A steel rod of 1 cm? in cross-sectional area and 100 cm long is subjected to an axial 
pul] of 2000 kgf. Find the elongation of the rod considering E=200GPa. 

Solution: Here, 

Area, A= 1 x 10“m? ; L= 0.1m; P = 2000Kgf= 2000x 9.81= 19620N ; E = 200 x10° Pa 
PL —-19620x0.1 
AE 1x 107~*x200x109 

4. Write down the Bernoulli’s equation for ideal and real fluid. 

Bernoulli’s Equation for ideal fluid: 
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Bernoulli’s Equation for real fluid: 
Pi, Vi" oeieg Var 
+447, =4+++7Z5+hy 
yY 2g yY 2g 
5. Draw the performance characteristics curves of a centrifugal pump. 


P(Q and H constant) 


& 
iS \ | 
bod . 4 ‘tae Ae 
cis a 
Sys ¥ j 
E06 5 } nN 
‘ears f A Noy a : 
e265 Pan? / / ~H(Q = Constant) 
4 4 A Wea / 4, 
1, : 
cer Vf Lae 
i fo er 
Oe ee Q 
om (Hy, = Constant) 
“———— Speed (N) 


Main characteristics curves of a pump. 

6. A centrifugal pump is used to raise water at a height of 100 ft with discharge of 2.0 
cusec. The efficiency of the pump is 62 %. Find the input horse power of the pump. 

Solution: Given, H=100ft= 30.48 meter; Q= 2.0 cusec = 0.057 m3/sec; n=62%; p = 1000 

m3/sec 

P = pgQH/ n 

= (1000 x9.81x 0.057x 30.48)/ 0.62 
= 27.5 KW = 36.88 hp (Answer) 

7. An ice plant produces 100 tons of ice in 24 hrs. If the plant uses water at 20° C, find 
its cooling capacity. Specific heat and latent heat of solidification of water are 4.2 
kJ/kg/KK and 334 kJ/kg respectively. 

Solution: 


Here, m= 100tons= 100x1000Kg; t = 24hrs= 24 x60 sec; Sy = 4.2KJ/Kg; Ly= 334KI/Kg 
mLf 4: mSyAT 
24x60 24x60 


Cooling Capacity = 


_ 100x1000x334 oh 100x1000Xx4.2x20 


24 x60 24 x60 
= 23194.44 + 5833.33 KJ/min 


= 138.23 TR (Answer) 
8. What are the functions of an economizer and safety valve in a boiler? 
Answer: Economizer: 
An economizer is a device used to heat feed water by utilizing the heat in the exhaust flue 
gases before leaving through the CHInnEY: As the name indicates, the economizer improves 
the economy of the steam boiler. 
Safety Valve: 
* The safety valve (pressure relief valve) is used in a 1 boiler to relieve the pressure of steam 
when it is above the working pressure. 
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* Its function is to discharge a portion of the steam from the boiler automatically when the 

steam pressure exceeds the normal limit. It is mounted on the top of the shell. 

* As per boiler regulation two safety valves are required to be fitted in each boiler. 

_ 9. How do you identify a petrol engine and a diesel engine? : 

Answer: 

Diesel engines are compression ignition and petrol engines are spark ignited one. If there is a 

spark plug its petrol engine or else it would be diesel engine. The presence of fins in the 

engine compartment also differentiates them apart as Diesel engines have and petrol does 

not. 

10. Draw the TOP and FRONT views of the following block. Holes are through the 
height. 


ae 
Pg iit iy 
ACEI 7 


<e TOP VIEW FRONT VIEW 
Encircle the most appropriate answer. ~  20x1= 20° 


11. In a thin-walled pressure cylinder the ratio of longitudinal stress to the hoop stress is 
a) 0.5 
b) 2.0 
c) 1.0 
d) 4.0 
12. Every cross-section of a shaft, which is subjected to a twisting moment, is under 
a) compressive stress 
b) shear stress 
c) tensile stress 
d) bending stress 
13. If a member is subjected to an axial tensile load, the plane inclined at 45° to the axis of 
loading carries 
a) minimum shear stress 
b) maximum shear stress 
c) minimum normal stress 
d) maximum normal stress 
14, Which of the following parts of an engine may be considered as a column? 
(a) crankshaft . 
(b) cam shaft 
(c) connecting rod 
(d) piston 


N 
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15. 


16. 


T7, 


18. 


19. 


20. 


21. 


22, 


The objective of a flywheel in an engine is to 
a) perform balancing 
b) increase the power generation 
c) reduce energy fluctuation 
d) increase energy fluctuation 
A coil of stiffness k is cut into two halves. The stiffness of the cut coils will be 
(a) same 
(b) half 
(c) double 
(d) one-fourth 
The size of a gear is usually specified by the 
(a) pressure angle 
(b) circular pitch 
(c) pitch circle diameter 
(d) diametral pitch 
Continuity equation deals with the law of conservation of 
a) mass 
b) energy 
c) momentum 
d) none of the above 
Compression ratio of diesel engine varies from 
a) 6to 10 
b) 10 to 15 
c) 15 to 25 
d) 25 to 30 
Which is not the mounting in a boiler? 
a) safety valve 
b) super heater 
c) fusible plug 
d) water level indicator 
What should be the relative humidity when the dry bulb and wet bulb temperature are 
same? 
a) 50% 
b) 75% 
c) 100% 
d) 0% 
Fourier’s law of heat conduction is 
aT 
a) O= KA a 
ax 


b KA— 
ae aT 
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aT 
c) O= K— 
)Q a 
d) none of the above 
23. Dry bulb and wet bulb temperatures are equal at 
(a) 90 % relative humidity 
(b) 75 % relative humidity 
(c) 50 % relative humidity 
(d) none of the above 
24. Air conditioning means 
(a) cooling and dehumidifying 
(b) heating and humidifying 
(c) supplying quality air 
(d) all of the above 
25. Bangladesh produces most of its electric power using 
(a) gas turbine 
(b) steam turbine 
(c) wind turbine 
(d) water turbine 
26. Which of the following pump is a positive displacement type? 
a) centrifugal pump 
b) reciprocating pump 
¢) axial flow pump 
d) mixed flow pump 
27. Surge tank in a pipe line is used to 
a) reduce the loss of head due to friction in pipe 
b) make the flow uniform in pipe 
c) relieve the pressure due to water hammer 
d) none of the above 
28. Orifice meter is used to measure 
a) velocity of flow 
b) flow rate of fluid 
c) both flow rate and velocity of flow 
d) static pressure of the flow 
29. The head loss in elbow is 
a) higher than that in bend. 
b) lower than that in bend 
c) same as in bend 
d) none of the above 
30. Rotameter is used to measure 
a. flow rate of fluid 
b. velocity of fluid 
c. density of fluid 
d. viscosity of fluid 
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Bangladesh Petroleum Exp loration & Production Company Limited (BAPEX)-2016 


AL Draw the bending moment diagram of the beam given below: 
; 20KN 20KN 


Answer: 


} Draw the LHS and FRONT view. 


Front Right Site 


3. Draw stress-strain curve for steel, ceramic and polymer materials. 
Answer: 


ceramic 


Stress metal 


polymer: 
Strain 
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. What is boiler power? Convert 1BHP of boiler into Kg/hr. 

Answer: One boiler horsepower is the amount of energy required to produce 34.5 pounds 

(15.65 kg) of steam per hour at pressure and temperature 0 psig (0 bar) and 212° F (100°C) - 

with feed water at pressure 0 psig and temperature 212° F. 

[ BHP= 15.65Kg/hr 

5. Name five names of energy storing technologies. 

Answer: 4 

Solid state batteries: a range of electrochemical storage solutions, including advanced 

chemistry batteries and capacitors. 

Flow Batteries: batteries where the energy is stored directly in the electrolyte solution for 

longer cycle life and quick response time. 

Flywheels: mechanical devices that are harness rotational energy or deliver instantaneous 

electricity. 

Compressed air energy storage: Utilizing compressed air to create a potent energy reserve. 

Thermal: Capturing heat and cold to create energy on demand. 

Pumped hydro power: creating large scale reservoirs of energy with water. 

6. A vapor compression refrigeration cycle has the cooling capacity of 2 ton. Find the 
compressor power if the COP is 3.5. 


Cooling Capaci 
nswer: We know, COP= pe Bel 
: Compressor Power 


Cooling Capaci 2ton — 2x3.5 
Compressor power = seeing Sepa oon a. a KW (Answer) 


7, What is LMTD? Write the equation for LMTD. 

“Answer: Logarithmic mean temperature difference (LMTD) is defined as that temperature 
difference which, if constant, would give the same rate of heat transfer as actually occurs 
under variable conditions of temperature difference. The larger the value of LMTD, the 
higher heat is transferred. The rate of heat transfer can be expressed as 


q = UAAT»n oT as 
Where AT, is the logarothomic mean temperature difference given as 
AT, — AT, 
AT in = pe AT, 
AT. 


Counter flow heat exchanger 


=Thot.in —T cold,out 
= Thotout — Tcota.in 


AT, =Thot,in —Told,in 
AT2 = Thot out T coid,out 
8. Find tension at AC. 
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Solution : 
We get, from Lami’s theorem, 
Tac 1000 


Sinl35°  sin98.13° 
“ Tac = 714.3 N (Answer) 


we 
/ 


; ; 
rite two eae assumptions of Bernoulli’s equation. A ‘fluid flows with a 
pressure of 6MPa and velocity of 1m/s. In a nozzle it expands and pressure becomes 
the atmospheric. Find the velocity after expansion; datum is same. 
Answer: 
Assumptions: 1. the fluid is ideal, i.e. viscosity is zero. 
2.The flow is in compressible and steady and Irrotational. 


We know, P; + % pV17+ pgh; = Pot % pV2"+ pgho Let, Density of these fluid=1000K g/m? 
Here, 
V, = 1m/s,P; = 6MPa = 6 x 10°Pa, P, = 101325Pa, V> =? hy = hy 
1 1 
6x 10° + 3% 1000 x 17 = 101325 +4 3% 1000 x V,? 
or, V2 = 108.62 m/s (Answer) 


10,/raw the T-S diagram for the given Reheat Rankine cycle. 


Reheat section 


Answer 
Low-pressune 
tucbinc 


iligh- 
pressure 
turbine 


Steam 
gencrator 


Candenser 


Job Solution 


brittle materials. 
nswer: 
Theories of ductile failure (yielding): 
1) Maximum shear stress theory, 
2) Maximum strain energy theory, and (3) maximum distortion energy theory. 
Theories of brittle failure (yielding): 
1) maximum normal stress theory, 
2) Coulomb-Mohr theory 


12. Write name of three theories of failure of ductile materials and two theories of 
A 
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Bangladesh Industrial and Technical Assistance Centre (BITAC) 
Post: Junior Engineer(Mechanical) 
Time-10.00AM to 11.30AM 
Date:29.04.2016 
Exam Hall: CE Building, BUET 


[Technical Question Only] 
1. The condition of stable equilibrium for a floating body is 
a) the metacenter coincides with the center of gravity 
b) the metacenter is below center of gravity 
c) the metacenter is above center of gravity 
d) the center of buoyancy is above the center of gravity 
i When the pipes are connected in parallel, the total loss of head 
a) is equal to the sum of the loss of head in each pipe 
b) is same as in each pipe 
c) is equal to the reciprocal of the sum of the loss of head in each pipe 
d) none of the above 
i _ Which one is correct for a column of fixed-free end? lA 
2 
5 sit b) =e c) it ay 2B 2n7EI 
f For two elastic body the Soctticieli of restitution is- 
/  a)Zero b)0.5 c)2/3 djl 
5/ For heat conduction k= 390 W/mk. Heat rate 6 MJ/m?S. What is the value of temperature 
gradient? 
a)3.3x 10*K/m _b)2.3x 10*K/m__c) 1.54x 10*K/m_ dd) 1.54 x 10*K/m 


A. Which is correct for one torsional sheaning stress — 


a) Tit b)Tr/S c) Tl = dy S(1 + 


7/ Pelton Wheel is a — 
a) Axial flow reaction turbine b) Radial flow reaction turbine 
c) Reaction turbine _d) Impulse turbine 
8. For turbulent flow Reynolds number is- 
a a) Re> 2000 b)Re< 2000 c) Re>2300 d) Re> 4000 
Draw the schematic diagram of a vapor absorption refrigeration cycle. 
Answer: 


wD 


Receiver 
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0. A gas turbine works on Brayton cycle. Air intake temperature is Abmosnhens and 
the compressor outlet is 1.6Mpa. Find the efficiency. 


Solution: 
Given, P\= 101325Pa, P2= 1.6x 10° Pa; 
Pressure ratio, r = Pz ia Oi =15.79 
P 101325 
1 
ens 1-545 = 1 - os = 0.5454 


“1 = 54.54% (Answer) 

11. Write the process of gas turbine efficiency improvement. 
Answer: 

1. Reducing the Compressor Work by making the compression process close to isentropic 
in nature. This can be done by insulating the body of the Compressor and preventing 
exchange of heat as much as possible, though reversibility is practically impossible to 
achieve. 

2. Designing the entire Gas Power Cycle for operating on higher pressure ratios. This 
would increase the temperature of the end state of the gas, after addition of heat, thus 
enabling greater amount of expansion in the Turbine and hence, more power. However, 
this is restricted by the Material Properties used in the equipment. 

3. Preheating the air before entering the compressor, as it would decrease the compressor 
work required. 

4. Usage of Regenerative Cycle Heat Transfer, and utilizing the heat lost in exhaust gases. 

. Reheating the gas during the Expansion Process, or at least a part of it. 
12. Draw the temperature distribution for parallel flow and counter flow heat 


exchangers. 
Answer: 
Sy The mid 
Th, out 
Lar out 
Ty in 
Parallel Flow Counter Flow 
3, What ee is required to punch S shin needs hole in a plate that is 25 mm 


thick? The shear strength is 350 MN/m’. 
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Solution: We get, P= 350x mt x 20 x 25 = 549778.7N = 549.8KN (Answer) 
the stress of the steel section. P is equal to 1KN. 


Alursinum 


. _ 5P_ _5x1000 _ 2 
Answer: We get, o = a cenawece = 10MN/m* (Answer) 


[ Find the value of H. The specific gravity of the liquid is 1.6. 


(_) 16.6 m of water 


Solution: We get, Ppy + Hy = Poy 
or, (11.31)+(HX 1.6) = (16.6 x 1) 


or, H=3.31 m (Answer) 
16. A pipe of 300m long having diameter 50mm of velocity 2m/s’. Find the head loss of 
/_ the pipe. The friction factor is 0.004. 


. flv? 0.004x300x2? 
Solution: We know, Hy = 2ed = seanione = 4.89(Answer) 


17. In an inverted gear, gear 1 drives gear 2, gear 2 drives gear 3, gear 3 drives gear 4. 
The number of teeth of gears 1,2,3 and 4 respectively . The speed of gear 1 is 
360 rpm, find the speed of the 6" gear. 


Solution Hints: 
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18. Draw TOP VIEW, Front VIEW and L.H.S. VIEW without dimension. 


Jat 


pes AN, FN 
ar ea ahaa oon Tread f- pers ~~ ee 
ra ie al Lo here 
fl ‘ ‘ ae In ™, 
sy ee 
\. Se of 
a Ek 
Top View 
fC: ene 
ao - 
| 
| | 
ec ee oes a | 


LAY Front View 


ae 


. Find the smallest diameter bolt that can be used in the clevis shown in Fig. if P = 400 


. The shearing strength of the bolt is 300 MPa, Factor of safety is 3. 


Solution: Here; the bolt is subjected to double share. 


We get, 400x 1000 ==" x 2 x =D? 


= D = 50.46mm (Ans. ) 
20. Draw the SFD of the beam shown in below. 


Answer: 
From the load diagram: 


Mp =0 

5Rp + 1x 30 =3 x50 
Rp = 24KN 

Again, 


Load A 
Diagram 


Shear 
Diagram 


¥Mp = 0 
5Rp = 2X50+6x 30 
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Bangladesh Inland Water Transport Authority (BIWTA) 
Post: Assistant Manager (Mechanical) 
Exam Hall: BUET 


15x4=60 

< What is “ton of refrigeration”? 
‘Answer: Ton of refrigeration/TR: A ton of refrigeration is defined as the amount of 
refrigeration effect produced by the uniform melting of one ton (1000kg) of ice from and at 0 
degree centigrade in 24 hours. 

=210 kJ/min =3.5 kW 

. Define boiler mountings and accessories with examples. 
Answer: Mountings: Mountings are required for proper and safe functioning of the boiler 
which is generally mounted over the boiler shell. 
Example: 1. Water level indicator, 2. Pressure Gauge and 3. Safety valves 
Accessories: These are the devices which are used as integral parts of boiler and help in 
running efficiently. 

ample: 1. Super heater, 2.Economiser and 3. Air Preheater 

. Write down the 1“ and 2" law of thermodynamics. 
Answer: First Law of Thermodynamics: a) The heat and mechanical work are mutually 
convertible. ie. $dQ= dw. 
b) The energy can neither be created nor destroyed though it can be transformed from one to 


other. i.e. 56Q —6W = SE 
/Becon Law of Thermodynamics: According to Kelvin-Planck- “It is impossible to 
construct an engine working in a cyclic process whose sole purpose is to convert heat energy 
into an equivalent amount of work.” 
Clausius Statement: It is impossible for a self-acting machine working in a cyclic process to 
transfer heat from a body at a lower temperature to a body at a higher temperature without 
the aid of an external agency. 
4, Draw the typical stress-strain diagram of mild steel showing proportional limit, 
yield strength, ultimate strength and breaking strength on it. 
eG 


A- Proportional limit 

B- Elastic limit 

C- Upper yield point 

D- lower yield point 

E- Ultimate stress/strength 

F- Breaking stress/strength 

G- Actual Rupture Strength 


oO ——  Sirnin ——- 


5 Define modulus of elasticity and modulus of rigidity. For a material which one is 
greater? 

Answer: Modulus of elasticity: Hook’s law states that when a material is within elastic 

limit, the stress is directly proportional to strain. 
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- o 
Le, oco¢ o = EE eae 

Where, E is a constant of proportionality and known as Young’s Modulus or modulus of 
elasticity. 


Modulus of rigidity or shear modulus: It is found experimentally that within elastic limit 
shear stress is directly proportional to shear strain. Mathematically, t 00 @; or,t = Cp 
Where, t = shear stress; ( =shear strain and C= constant of proportionality, known as 
dulus of rigidity or shear modulus. It also denoted by N or G. 
./ A solid steel shaft in a rolling mill transmits 20 kW at 2 Hz. Determine the diameter 
of the shaft if the shearing stress in not to exceed 40 MPa. 
Solution: Given, P = 20 KW, f= 2Hz, t = 40MPa 


P 20000 = 
We Know, T= ont = 2x3.1416x2 = 1591.55 N-m. 


ren erie . a 
gain, we get, t = 1@ 
16x1591. 
=40 x 10° = ————— 
1d? 


.d = 58.7mm (Answer) 
(*5 Draw the isometric view for the given TOP VIEW,FRONT VIEW and RHS VIEW. 


ae 


RHS VIEW 


Answer: 


8. A uniformly distributed load of magnitude w is applied over the whole span of a 
simply supported beam of length L. Draw the-shear force and bending moment 
diagrams of the beam. 


aw Nm 


Li2 LZ 
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k A furnace wall of thickness 1 m and of surface area 2 m? is made of a material 
whose thermal conductivity is 20 W/mK. The temperatures of the inner and outer 
surfaces of the wall are 1000°C and 200°C respectively. Determine the heat flow 
through the wall. 

Solution: 
We know, Q=kA “ 
Here, dx = 1m, A= 2m’, K= 20 W/mK, dT = (1000-200) 'C = 800°C 


“Q= kA <= 20 x 2 x = = 32000 W = 32KW (Answer) 
Tigk on the most appropriate answer 20x1= 20 
fete velocity of a body on reaching the ground from a height h is 


a) 2 gh 
b) veh 
c) J 2gh 
d) 2evh 
Pas Which machine is used to cut gears? 
(a) lathe machine 
(b) vertical milling machine 
(c) shaper machine 


d) none of the above 
“A coil of stiffness k is cut into two halves. The stiffness of the cut coils will be 
(a) Same 
(by Half 
(c) Double 


(d) one-fourth 

in thin cylinder the ratio of longitudinal stress to the hoop stress is 
a) 0.5 
b) 2.0 
c) 1.0 > 
d) 4.0 

14. The size of a gear is usually specified by the 

_ a) pressure angle 

b) circular pitch 
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c) pitch circle diameter 
d) diametral pitch 
5. Bangladesh produces most of its electric power using 
a) gas turbine 
b) steam turbine 
c) gas engine 
d) water turbine 


(Ae Dry bulb and wet bulb temperatures are equal at 
a) 90% relative humidity ; 


b) 75 % relative humidity 
c) 50% relative humidity 
_  d) none of the above 
17/The amount of radiation mainly depends upon the 
a)nature of the body ~ 
b) temperature of the body 
c) type of surfac€ of the body 
d) all of the above 
1%. Air conditioning means 
| a) cooling and dehurmidifying 
b) heating dnd humidifying 
c) supplying quality air 
d) all of the above 
. An additional mass is used in the crankshaft of an IC engine with a view to 
a) strengthening the crankshaft 
b) balancing the crankshaft 
c) strengthening and balancing the crankshaft 
d) none of the above 
. Which of the following parts of an engine may be considered as a column? 
a) Crankshaft 
b) cam shaft 
c) connecting rod 
) piston 
. Which one of the following is not a refrigerant? 
a) CoO, 
b) H,O 
c) NH3 
ad CCL; 
. Which of the following will have least value of thermal conductivity? 
a) copper 
b) silver 
c) glass 
) air 
23/ Essential requirement for the transfer of heat from one body to another is 
a) both bodies must be solids 
b) both bodies must be in contact 


‘N 
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c) temperature of the two bodies must be different 
4) one of the bodies must have internal source of heat generation 
2A. When connected to the engine, the tachometer measures 
a) engine torque 
b) engine rpm 
c) engine compression 
d) engine vacuum 
25. The modulus of elasticity (EZ) and modulus of rigidity (G) are related by 


G= Es G2 E_ 
a) 2(1+v) VUFV 
E 
b) Pay 
G 


2) 2d +¥) 
§ none of the above 


where V is the Poisson’s ratio. 
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BANGLADESH RURAL ELECTRIFICATION BOARD (BREB) 
Recruitment Examination for Assistant Engineer (Mechanical) 
Subject code: & Marks 60(Each question bears equal value) 
Time: 45 Minute 


ae The maximum deflection of a fixed beam 3) Rankine’s formula holds good for 
carrying a central point load lies at a) A short columns 
a) Fixedends _b) Centre of beam b) A long columns 
c) L/3 from fixed ends c) both short & columns 
d) None of these d) weak columns 
( Beroulli’s equation is applied to 4 The velocity at which the flow changes from 
a) Venturimeter laminar flow to turuient flow is called - 
b) Orice meter a) Critical velocity 
c) Pitot meter b) Velocity of approach 
a) All of these c) Sub-Sonic of approach 
d) Super-sonic velocity 
Rynold’s number is the ratio of inertia force to- 6 The speed of turbine runner is 
a) Pressure force ~ a) Directly proportional to H’/2 


b) Elastic force \ 
c) Gravity force 
d) Viscous force 


b) Inversely proportional to Ha 
c) A directly proportional to H 7, 
d) Inversely proportional to H ae: 


A Pellon wheel develops 1750 kW under a head The discharge of a double Acting 

of 100 meters while running at 200 e.pm. and ‘ reciprocating pump is 

discharging 2500 litres of water per second. The a) L.A.N. b) 2 LAN. 

unit power of the wheel is o) jo 

a) 0.25kW b)0.75kW c) 1.75kW_ d)3.75kW . a sie, 

A hydraulic coupling belongs to the category of 19’ Energy can neither be created nor destroyed, 
a) Power absorbing machines but it can be transformed from one form to 
b) Power developing machines another.This statement is known as 

c) Energy transfer machine a) Zeroth law of thermodynamics 

d) Energy generating machine b) First law of thermodypamics ; 


c) Second law of thermodynamics 


d) Kinetic theory of gases 
The sum of internal energy (U) and product of (em comparison ratio for petrol engine is- 
pressure and volume (p.v) is known as a) 3 to6 b) 5 to 8 


a) Workdone '_ b) Entropy c)15 to 20 d) 20 to 30 
c) Enthalpy d) None of these 
l The fitting mounted on the boiler for its proper A device used to increase the temoerature of 
and safe functioning is a satusated steam without raising its pressure is 
a) Water level indicatior called, 
b) Fusible plug a) Blow off cock b) Fusible plug 
c) Safety valve c) Superheater d) Stop valve, : 
d) All of those 
1 A device in which some portion of waste heat of 1 Steam turbines may be classified according to 
flue gases is recovered to heat the air before it a) Direction of steam flow 
passes to the furnace for combustion purpose ,is b) Number of stages 
known as c) Mode of steam action 
a) Superhealer b) Air preheater d) All of these + 


c) Economizer d) Injector 


P gon 
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Vis The blade friction in the impulse turbine teduces ys single stage impulse turbine with a 
the velocity steam by...... while it passes over diameter of 1.2m runs at 3000 r.p.m. If the 
the blades . blade speed ratio is 0.42,then the inlet 
a) 10 to 15% b) 15 to 20% velocity of steam will be 
c) 20 to 30% d) 30 to 40% _ a) 79m/s b) 188m/s 


c) 450m/s d) 900m/s 


fe: oo 
19> The value of the reheat factor varies from ee. The knocking tendency in spark ignition 


a) 1.02 to 1.06 engines may be decreased by 
C+ by 1.08 to 1.10 a) controlling the air-fuel mixture 


c) 1.2 to 1.6 b) Controlling the ignition timing 
d)16to2 . c)-Controlling the exhaust temperature 
xia d) Reducing the compression ratio. 
21 ‘The basic requirement of a good combustion 4 The brake power (B.P) of the engine is given 
chamber is. ~ by ; 
a) Minimum turbuience a) Bp watts 
b) Low compresstion ratio ws S)nDN 
c) High thermal efficiency and power output b) B.P=—— watts 
d) Low volumetric efficiency ¢) BPH t ON Watts 
ae * d) All of these 
A power plant giving least running cost of # If the flow of air through the compressor is 
production of electrical power is perpendicular to its axis, then it is a 
a)Steam power plant a)Reciprocating compressor ) 
b)Gas turbine power plant b)Centrifugal compressor ae 
c)Hydroelectric power plant c)Axial flow compressor 
d)Nuclear power plant d)Turbo compressor 
y A close cycle gas turbine works on Q In a shell and tube heat exchanger, baffles are 
a)Camot cycle , a provided on the shell side to 
b)Rankine cycle So, 49) a)Improve heat transfer 
c)Ericsson cycle Ks b)Provide support for tubes 
d)Joule cycle oP ~ "2 c)Prevent stagnation of shell side fluide 
. d)All of these 
( ) Air refrigeration cycle is used in 7738 The heat rejection factor (HRF) is given by 
a)Commercial refrigerators ne ~ aye: O.P b)1- so O.P 
b)Domestic refrigerators ee c)l+—— d)1—— 
c)Air-conditioning oee COE 
d)Gas liquefaction 
29/ The arrangement is called bevel gearing, when 30/ Which of the following is used to contro! the 
two are connected by gears speed variation of the engine caused by the 
Intersecting and coplanar shaft fluctuation of the engine turning moment? 
Non-Intersecting and non-coplanar shafts a)D-slide valve 
Parallel and coplanar shafts b)Governor _—_c)Flywheel 
a Parallel and non-coplanar shafts d)Meyer’s expansion valve 
x Gears are capsed by ......... The percentage of carbon in cast iron varies 
a)Sand mould casting Pa from. 7 
b)Slush casting _ » a)0.1 to 0.5 b)0.5 to 1 
c)Permanent mould casting _ ¢)l to 1.7 d)1.7 to 4.5 
d)Centrifugal casting / 
33 Which of the following is a case hardening f The sand used for making cores is 
process? a)Green sand b)Dry sand 
a)Carburising b)Cyaniding c)Loam sand _— d)Oil sand 


c)Nitriding d)All to these 
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35/ Acasting defect which occurs due to improper 3 The cutting fluid mostly used for machining 
venting of sand is known as a)Cold shuts steel is 
b)Blow holes _—_c)Shift ~~ d)Swell a)Water b)Soluble oil 
: c)Dry d)Heavy oils 
3 The purpose of jigs and fixture is to f Production cost refers to prime cost plus- 
a)Increase machining accuracy a)Factory overhead 
b)Facilitate interchangeability b)Factory and administration overhead 
c)Decrease expenditure on quality control c)Factory, administration and sales overhead 
d) All of thes e. d)Factory, administration, sales overhead an 
profit. 
a The purpose of transmission in an automobile is Two advantages of using helical gears rather 
ra a)To vary the speed of automobile than spur in a transmission system are 
b)To vary the torque at the wheels a)Strength and cost 
¢)To vary the power of automobile b)Strength and less and trust 
d)None of these c)Noise level and strength 
d)Noise level and economy 
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GO Wy Atay Cola Sta Y) CGMS 
| SPCba Abowd CHa Arar Te = A8 Ha aeToPy oREeib corn saafiw? 
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4D (PAA WH FS? 50 HRY PENRO CORT APH? 
B) WIAA «— A) HTP HT ) Peary ayaa 
MN) CMT AE | - 8) MASA TA HT N ABMS Wet ayaao 
51 Weé should abstain ------- smoking 52 What is the synonym of ‘Competent’ 
a) of b) for a) Circumspect b) Piscrete 
c)about d) from c) Capable d) Prudent 
sf The manager looked into the matter. 4 Find out the correct translation. 
a) Take decision WB CATH STG ST afz RU 
b) Investigate a) It is raining from morning 
~ c) Neglect ° b) It has been raining from morning 
d) Prudent c) It has been drizzling since morning 


d) It is drizzling since morning 
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Who wrote “The beauty is truth is beauty.”? 
a) Shakespeare b) wordsworth 
c) Keats d) Eliot 
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¥. (a)What are the advantages and disadvantages of two stroke over four stroke cycle 
/ engine? 
~~ Answer: Advantages: 
1. A two stroke cycle engine gives twice the number of power strokes than the four stroke 
cycle engine at the same engine speed. Theoretically, a two stroke cycle engine should 
develop twice the power as that of a four stroke engine. But in actual practice, a two stroke 
cycle engine develops 1.7 to 1.8 times (greater value for slow speed engines) the power 
developed by four stroke cycle engine of the same dimensions and speed. This is due to 
lower compression ratio and effective stroke being, less than the theoretical stroke. 
2. For the same power developed, a two- stroke cycle engine is lighter, less bulky and 
occupies less floor area. Thus it makes a two stroke cycle engine suitable for marine engines 
and other light vehicles. 
3. As the number of working strokes in a two stroke cycle engine are twice. than the four 
stroke cycle engine, so the turning moment of a two stroke cycle engine is more uniform. 
Thus it makes a two stroke cycle engine to have q lighter flywheel and fluctuations. This also 
leads to a higher mechanical efficiency of a two stroke cycle engine. 
4. The initial cost ofa two stroke engine is considerably less than a four stoke engine. 
5. The mechanism of a two stroke engine is much simpler than a four stroke cycle engine. 
6. The two stroke cycle engines are much easier to start 
Disadvantages: 
1. Thermal efficiency of a two stroke cycle engine is less than that a four stroke cycle 
engine, ‘because a two stroke cycle engine has less compression ratio than that of a four 
stroke cycle engine. 
2. Overall efficiency of a two stroke cycle engine is also less than that of a four stroke evele 
engine because in a two stroke cycle engine, inlet and exhaust ports remain open 
simultaneously for some time. Inspite of careful design, a small quantity of charge is lost 
form the engine cylinder. 
3. In case of two stroke cycle engine, the number of power strokes is twice as those of a four 
stroke cycle engine. Thus the capacity of the cooling system must be higher. Beyond a 
certain limit, the cooling capacity offers a considerable difficulty. Moreover, there is a 
greater wear and tear in a two stroke cycle engine. 
4. The consumption of lubricating oil is large in a two stroke cycle engine because of high 
operating temperature. 
5. The exhaust gases in a two stroke cycle engine create noise, because of short available for 
their exhaust. 
(b) What is meant by octane number of a fuel? 
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Answer: The percentage by volume of iso-octane in a mixture of iso-octane and normal 
heptane which exactly matches the knocking intensity of a given fuel in a standard engine 
under given standard operating conditions is termed as the octane number rating of that fuel. 
(c) What is thermal efficiency of a standard Otto cycle for a compression ratio of 5.5? 


Solution: Here, compression ratio, r= 5.5 


: \ 
'.Thermal Efficiency, n = 1- a = 1- uo al- rl 


= 1-0.5056 = 0.4943 =49.43% (Answer) 

7 (a) What is priming of a centrifugal pump? How it is done? 
Priming of centrifugal pump: Priming of a centrifugal pump is defined as the operation in 
which the suction pipe, casing of the pump and a portion of the delivery pipe upto the 
delivery valve is completely filled up from outside source with the liquid to be raised by the 
pump before starting the pump. Thus the air from these parts of the pump is removed and 
these parts are filled with the liquid to be pumped. When the pump is running in air, the head 
generated is in terms of metre of air. If the pump is primed with water, the head generated is 
same metre of water. But as the density of air is very low, the generated head of air in terms 
of equivalent metre of water head is negligible and hence the water may not be sucked from 
the pump. To avoid this difficulty, priming is necessary. 
How it is done: In some cases pumps are primed by manually displacing the air in them with 
water every time the pump is restarted. Often, by using a foot valve or a check valve at the 
entrance to the suction pipe, pumps can be kept full of water and primed when not operating. 
If prime is lost, the water must be replaced manually, or a vacuum pump can be used to 
remove air and draw water into the pump. 
A self-priming pump is one that will clear its passages of air and resume delivery of liquid 
without outside attention. Centrifugal pumps are not truly self-priming. So called self- 
priming centrifugal pumps are provided with an air separator in the form of a large chamber 
or reservoir on the discharge side of the pump. This separator allows the air to escape from 
the pump discharge and entraps the residual liquid necessary during re priming. Automatic 
priming of a pump is achieved by the use of a recirculation chamber which recycles water 
through the impeller until the pump is primed, or by the use of a small positive displacement 
pump which supplies water to the impeller. 
(b) What is the function of air vessel in a reciprocating pump? What is NPSH? 
Answer: Function of Air vessel: 
Air vessel is fitted to the suction pipe and to the delivery pipe at a point close to the cylinder 
of a single-acting reciprocating pump: 
(i) To obtain a continuous supply of liquid at a uniform rate. 
(ii) To save a considerable amount of work in overcoming the frictional resistance in the 
suction and delivery pipes, and 
(iii)To run the pump at high speed without separation. 
NPSH: The net positive suction head (NPSH) is defined as the difference between the net 
inlet head and he head corresponding to the vapor pressure of the liquid. 
(c) A turbine develops 10,000KW under a head of 25m at 135rpm. What is the specific 
speed? 
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Solution: Here, P= 1000KW; H= 25 m; N= 135rpm. 


We know, N,= NYP = 1351000 _ 941.5 (SI Units) (Answer) 


H4 254 
3. (a) How steam boiler is classified? Differentiate between water tube and fire tube 
boiler? 
Answer: Boilers Classification: 
There are large number of boiler designs, but boilers can be classified according to the 
following criteria: ‘ 
1. According to Relative Passage of water and hot gases: 
1. Water Tube Boiler: A boiler in which the water flows through a number of small tubes 
which are surrounded by hot combustion gases, e.g., Babcock and Wilcox, Stirling, Benson 
boilers, etc. 
2. Fire-tube Boiler: The hot combustion gases pass through the boiler tubes, which are 
surrounded by water, e.g., Lancashire, Cochran, locomotive boilers, etc. 
2. According to Water Circulation Arrangement: 
1. Natural Circulation: Water circulates in the boiler due to density difference of hot and 
water, e.g., Babcock and Wilcox boilers, Lancashire boilers, Cochran locomotive boilers etc. 
2. Forced Circulation: A water pump forces the water along its path, therefore, the steam 
generation rate increases, Eg: Benson, La Mont, Velox boilers, etc. 
3. According to the Use: 
1. Stationary Boiler: These boilers are used for power plants or processes steam in plants. 
2. Portable Boiler: These are small units of mobile and are used for temporary uses at the 
sites. 
3. Locomotive: These are specially designed boilers. They produce steam to drive railwav 
engines. 
4. Marine Boiler: These are used on ships. 
4. According to Position of the Boilers: 
Horizontal, inclined or vertical boilers 
5. According to the Position of Furnace 
1. Internally fired: The furnace is located inside the shell, e.g., Cochran, Lancashire boilers. 
etc. 
2. Externally fired: The furnace is located outside the boiler shell, e.g., Babcock and Wilcox, 
Stirling boilers, etc. 
6. According to Pressure of steam generated 
« Low pressure boiler: a boiler which produces steam at pressure of 15-20 bar is called a 
low-pressure boiler. This steam is used for process heating. 
= Medium-pressure boiler: It has a working pressure of steam from 20 bar to 80 bar and is 
used for power generation or combined use of power generation and process heating. 
« High-pressure boiler: It produces steam at a pressure of more than 80 bar. 
» Sub-critical boiler: If a boiler produces steam at a pressure which is less than the critical 
pressure, it is called as sub-critical boiler. 
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* Super critical boiler: These boilers produce steam at a pressure greater than the critical 

pressure. These boilers do not have an evaporator and the water directly flashes into steam 

and thus they are called once through boilers. 

7. According to charge in the furnace. 

« Pulverized fuel, 

« Supercharged fuel and 

* Fluidized bed combustion boilers. 

Difference between water tube boiler and fire tube boiler. 

e The water circulates inside the tubes e The hot gases from the furnace pass 
which are surrounded by hot gases from through the tubes which are surrounded by 
the furnace. water. 

e It generates steam at a highest pressure |e It can generate steam only upto 24.5 bar. 

upto 165bar. The rate of generation of steam is high i.e. 

upto 9 tonnes per hour. 

e Fora given power, the floor area required 
for the generation steam is less, i.e. about 
8 m’per tonne per hour of steam 

generation 

e Overall efficiency will economizer is upto 
75%. 


e The rate of generation of steam is high i.e. 
upto 450. tonnes per hour. 


e Fora given power, the floor area required 
for the generation steam is less, i.e. about 
5 m’per tonne per hour of steam 

generation. 

Overall efficiency will economizer is upto |e The transportation and erection is 

90%. It can be transported and erected difficult. 

easily as its various parts can be separated. 


e Itis preferred for widely fluctuating loads.|e It can also cope reasonably with sudden 
increase in load but for a shorter period’ 


e The direction of water circulation is well |e The water does not circulate in a definite 
defined. direction. 


The operating cost is very high. e The operating cost is less. 
e The bursting changes are more. e The bursting changes are less. 


ee It is not suitable for large power plants. 
destruction to the whole boiler. 
awe The bursting produces greater risk to the 
damage of the property. 


(b) What are the main objectives of producing draught in a boiler? 
Answer: The main objects of producing draught in a boiler are: 

1. To provide an adequate supply of air for the fuel combustion. 

2. To exhaust the gases of combustion from the combustion chamber. 
3. To discharge these gases to the atmosphere through the chimney. 
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(c) What is the function of safety valve and economizer in a boiler? 

Answer: Economizer: 

An economizer is a device used to heat feed water by utilizing the heat in the exhaust flue 
gases before leaving through the chimney. As the name indicates, the economizer improves 
the economy of the steam boiler. 

Safety Valve 

* The safety valve (pressure relief valve) is used in a boiler to relieve the 

pressure of steam when it is above the working pressure. 

* Its function is to discharge a portion of the steam from the boiler 

automatically when the steam pressure exceeds the normal limit. It is mounted on the 
top of the shell. 

¢ As per boiler regulation two safety valves are required to be fitted in each boiler 

4. (a) Differentiate between allowance, tolerance and clearance. 

Answer: Allowance: It is the difference between the basic dimensions of the mating parts. 
Tolerance: It is the difference between the upper limit and lower limit of a dimension. In 
other words, it is the maximum permissible variation in a dimension. 

Clearance: Unobstructed space required for occasional removal of parts of equipment. In a 
piston-and-cylinder mechanism, the space at the end of the cylinder when the piston is at 
dead-center position toward the end of the cylinder. 

(b) Describe any taper turning method used in lathe. 

Answer: A taper may be turned by any one of the following methods: 

e By setting over the tailstock centre. 

e By swiveling the compound rest. 

e By a taper turning attachment 

Taper Turning by Setting over the Tailstock: The principle of turning taper by this method 
is to shift the axis of rotation of the workpiece, at an angle to the lathe axis, and feeding the 
tool parallel to the lathe axis. The angle at which the axis of rotation of the workpiece is 
shifted is equal to half the angle of the taper. The body of the tailstock is made to slide on its 
base towards or away from the operator by a set over screw. The amount of set over, being 
limited, this method is suitable for turning small taper on long jobs. The main disadvantage 
of this method is that the live and dead centres are not equally stressed and the wear is not 
uniform. Moreover, the lathe carrier being set at an angle, the angular velocity of the work is 
not constant. 

(c) Why tempering is done and how it is done? 

Answer: Tempering is a process of reducing the degree of hardness and strength and 
increasing the toughness. It removes the brittleness from a hardened piece. It is a process that 
follows the hardening procedure and makes the metal as hard and tough as possible. 
Tempering is done by reheating the metal to low or moderate temperature, followed by 
quenching or by cooling in air. As the metal is heated for tempering, it changes in color. 
These colors are called temper colors. To know the correct heat, a more accurate method is to 
watch the pyrometer. 


5. (a) What is difference between refrigeration and air conditioning? 
Answer:-Air-conditioning is a process that simultaneously conditions air; distributes it 
combined with the outdoor air to the conditioned space; and at the same time controls and 
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maintains the required space’s temperature, humidity, air movement, air cleanliness, sound 
level, and pressure differential within predetermined limits for the health and comfort of the 
occupants, for product processing, or both. 
Whereas, 
Refrigeration is the cooling effect of the process of extracting heat from a lower temperature 
heat source, a substance or cooling medium, and transferring it to a higher temperature heat 
sink, probably atmospheric air and surface water, to maintain the temperature of the heat 
source below that of the surroundings. 
In short, refrigeration: removes heat from a local space air conditioning: conditions air and 
includes such aspects as indoor air quality. 
(b) Discuss the vapor absorption refrigeration system with neat sketch. 
Answer: The simple vapor absorption system consists of an absorber, a pump, a generator 
and a pressure reducing valve to replace the compressor of vapor compression system. The 
other components of the system are condenser, receiver, expansion valve and evaporator as 
in the vapor compression system. In this system, the low pressure ammonia vapor leaving the 
evaporator enters the absorber where it is absorbed by the cold water in the absorber. The 
water has the ability to absorb large quantities of ammonia vapor and the solution thus 
formed known as aqua-ammonia. The absorption of ammonia vapor in water lowers the 
pressure in the absorber which in turn draws more ammonia vapor from the evaporation and 
thus raises the temperature of solution. 
WARM 
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(c) A condenser of a refrigeration system rejects heat at the rate of 120KW while the 
compressor consumes a power of 30K W. What is the COP of the system? 
Solution: Here, 
Heat rejection in the condenser, 
Qo = Q1 + Wr = 120, Wa= 30KW -.Q, = 120 — 30 = 90KW , COP=? 


7 Oi Ps. 
We know, COP We a0 3 (Ans. ) 
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Bangladesh Chemical Industries Corporation (BCIC) 
Post: Assistant Engineer(Mechanical) _ 
Time-10.00AM to 11.30AM 
Date: 25.11.2016 
Exam Hall: ECE Building, BUET 
Questions Courtesy: Members of ME Job Preparation group (Non-Departmental & 

Departmental) Special thanks to Halima Tahmina 

60x0.5=30; 10x1=10; 12x5=60; 
1. Chairman call meeting tomorrow? 
a. Call in b. Call off c. Call for d. call on 
Answer: call for 
2. Which of the following device can store SOOGB data? 
a. Floppy Disk b. Hard Disk c. DVD d. VCD 
Answer: Hard Disk 
3. Who wrote book" A search for identity" a. Major Jalil b. Anirudha Roy 
Answer: Major Jalil 
4, Which country is located between Indian and Atlantic Ocean? 
a. South Africa b, Kenya c. Japan 
Answer: a. South Africa 
5. India has longest land border with which country? a. Pakistan b. Bangladesh 
c. Nepal d. China Answer: Bangladesh 
6. What should be percentage of land in a country that has to be forest? 
Answer: 25% 
7. Who is the designer of komolapur railway station? Answer: Robert Boughey 
8. Battle of Water loo was held? Answer: Belgium 
9. Musfiqur Rahim Plays 50™ test against- Answer: England 
10. It was nice you the last day. a) meet b) to met c)meeting Answer: meeting 
11. Who is the designer national shaheed minar- a) Hamidur Rahman b) Moinul Islam c)‘Lui 
I Kan 
Answer: Hamidur Rahman 
12. Who is the architect of Oporajeo Bangla at DU? 
Answer: Syed Abdullah Khalid 
13.He has grown up in placid surrounding- what does that mean? 
Answer: serene environment 
14. Adolescence means- 
15. What is the nearest meaning of "commemoration"? Answer: Celebration 
16.Which muslim country first declare israel as a country? Answer: Turkey 
17. Which is the plural form of "single"? Answer: Singles 
18. "Coma" means- Answer: State of deep unconsciousness 
19. “atspr oa ifs Facer CHING? Gade Ais + BRT 
ee CHIT BeTATA VTE FAIA? BH) AASTSA A) MINGUS Ny ASIOTSA WY) MASE 

18 (P) 

21. ang aa fanate 1H 2 Gore ET 
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22.fitba CoA Ab iio areet Gf? DS) GAT, SH Wa NSA Hag as 
Goa: S 

23. fash Fey =a BT TT STATA FIT AT HSS RCAC? Gods Seta Gh Heo | 

24. carat fia Goma? @ =CHa Feta a aceta Fler oH ear wget |AIM 


YD THN WEY HAMA ea: (1) 
25. GAACHA BIG Ble BS) If HeBAT A) AGA TH NSA Ny GIlaa messy avy 
Y) She Hee Waa: (2) 


26. WB If? Geas PMT 

27. piers H fersr PrAalG? By wrlery x) Meses1 1) WEA yh feta 

fa.2: Patt BPA We a ST feicerd Gad HOM SIRI Hlel-<SIA 

28. RNGIA IQA MA GHIA (AAS CH? Gas Ra ATRIA 

29. frareera aa Hf ficogn fee Code fie +S 

30. Gey TTT avalos IA fe? Fate aT 

FAB: MOPTIGCMTS PNR AGT fet Fs AT UTA CARI OLA SSRN Tet DS fet WA RI 

31. CHaOTa 8 PATH AC AT CH? CHICA CTA PIAL CHT FAG? GOA WATICA VSI 

32. fitba CHING HSH? GTA 4 PUG Hes gfe Aearal 

33. Who is the organizer of Bangla years? Answer: Akbar 

34. Which one is correct? 

a) A sinking man catches the straw. 

b) A drowning man catches a straw. 

c) A sinking man catch the straw. 

b) A drowning man catch a straw. Answer: b 

35. The first barge mounted power plant in Bangladesh is situated on the bank of river? 
Answer: Bhairob. 

36. Where writable and readable disk are attached together? Answer: Floppy Disk Drive 
37. Plural form of single is? Answer: singles 

38. Data is related the word- a) Datum b) Number c) Digit Answer: Number 

39. 620, 632, 608, 644,596, ........ in the series which number will come? Answer: 656 

40. Father’s age was four times of son’s age 8 years ego. After 8 years father’s age will be 
two times of son’s age. Find father’s present age. Answer: 40 yrs. 

41. First 100 Km goes with 50 Ki/hr. and second 120 Km with 40 Kim/hr. Find the average 
speeds? Answer: 44Kim/hr. 

42. A man sees 160m train passes a platform by 54 seconds but himself by 30 seconds. Find 
the length of the train? Answer: 200m 

43. A hall is 15 m long and 12 m broad. If the sum of the areas of the floor and the ceiling is 
equal to the sum of the areas of four walls, the volume of the hail is: 

a) 720 b) 900 c) 1200 d) 1800 

Answer: ¢ 

Explanation: 

2(15 + 12) x h=2(15 x12) 

Volume = 15 x 12 X 20 = 1200 

44. If it takes t numbers of works 1/x times, what will be the work for time x? Answer: tx? 
45. 1 Horse Power = W? Answer: 746 W. 
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46. Which is the right spelling? 

a) Quosient b) Quiescent Answer: b 

47. “Adolescence” is close to the word — a) complex b) painful 

48. To construct a network based on rules is called- Answer: protocol 

49. First computer network is made by- ? 

50. What is the origin of the word “Lunar”? Answer: Moon 

51. Fitba COAG BrpAal ta GIRS UCIT faaT? Gade BH 

52. Ratio of girls and boys in a hostel is 5:3. What is not the possible amount of boys? 
Answer: 1350 | 602 Co WPA (€+0=)e IAT Ps FONG ACI AI CHG GSA ACI 

53. I will update you once I remember more ..... (HTS ACT A121) 

54. A wise person do alike a fool will never (G2 ber fy APE fact. ) 

56. Sakib used to water in the morning. Here water a)noun b)verb c)adjective d) adverb. 
Answer: b) verb 

57. May day is the historic_ a) war b) struggle 

58. Crtl+end in excel sheet goes to- Answer: End of the sheet 

Departmental 

1. For an air compressor intermediate pressure is equal to — Pj= ./ Py P2 

Why steam traps are used?- Answer: To drain the condensate 

Why baffles are provided in heat exchangers? Answer: To increase the heat transfer 
Quick return mechanism used in which machine? Answer: Shaper Machine 
Why partial journal bearing is used? . 

Which anti friction bearing can't take thrust load? — Straight Roller Bearing 
Load factor is the ratio of- Average Load/ Maximum Demand 

Suction pressure of a pump is — a) negative b) Zero c) Positive 

Surge tank is used for - Surge tank in a pipe line is used to 

ereduce the loss of head due to friction in pipe 

b)make the flow uniform in pipe 

c) relive the pressure due to water hammer 

d) for the emergency situation 

10. Kaplan turbine is a — Low pressure High discharge 

11. Efficiency of air standard Otto cycle is 50%. Find out the compression ratio of the 
engine if the specific heat ratio (Cp/Cv) of the working fluid is considered as 1.50. 


SRI AMRwWh 


Solution: Given, 7 = 50% =0.50 y=1.5 r=? 
i 
We get, n=1- @r-2 
1 
=, 0.5 = (r)15 1 
aie 
=> 05= aos 


=r = 4 (Answer) 

12. An ice plant using water at 10 °C produce 450x 10° Kg of ice in 24 hrs. Calculate 
the capacity of the ice plant in TOR. 

Solution: Given, m = 3000Kg; t = 24x60 mins; AO0 = 10 — 0 = 10K 
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‘ mle msA86 
« Capacity = 
pacity 24x60 24X60 


__ 450x103x332 | 450x10°x4.2x10 
~ 24x60 24x60 
= 116875 KJ/min 
= 556.54 TOR (Answer) 
13. Calculate the pressure Pa. 


latm 
pressure 


Mercury 


Solution: At the datum line 3-2, we get, 


Pat(pgh) water = Patmosphere+(P8h) mercury 
or, Pat+(1000 x 9.8 x 0.4) water = 101325+(13.6 x 1000 x 9.8 x 0.25) mercury 
or, Pa = 134645 - 3920= 130725 Pa 

= 130.725KPa (abs. )(Answer) 
14. In a pipe air (1.005Kj/Kgk) is flowing with a velocity of 350m/s at 100KPa and 
25 °C. Calculate the stagnation pressure and temperature. 
Solution: For air k=1.4 
From stagnation Temperature relationship, 

. 2 See 358.94 K (A 
leit ae =") pea ops xann0 

Again. Ps = Loren 

> Pp T 


Tego 
=P, = Px Giri 
358.94 


=P, = 100 x SNe i = 191.8 KPa (Answer) 


15. A Carnot éagine receives 500 KJ of heat from a high temperature source (625°C) 
and rejects heat to a low temperature sink (30°C). What will be the efficiency of Carnot 
heat engine? 

Solution: Given that, T) = 625°C = 625+273=898 K & T2= 30°C = 30+273= 303 K. 


We get, n = 2 = =" = 0,6626 = 66.26 % (Answer) 
T1 
16. A pump delivers 10 litres/sec of water at a pressure difference of 2MPa. Calculate 
the water horse power. 
Solution: We get, 


P= hpgQ = PQ = 10 x 10-3 x 2 x 1000 = 20KW = 26.81hp (Answer) 
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17. A steel shaft has a solid cross section and transmits power at 100rpm. Take E= 200 
GPa, G= 84 GPa, length = 1200mm, diameter = 15mm, if the torque developed is 9550 
N-mm, calculate the power transmitted and maximum shear stress developed. 


Solution: 
2mN _ 271x100 


Here, N=100rpm; w = —— = 10.47rad/sec; T= 9550Nmm= 9.55Nm 


60 60 
We get, P=TXw 
= 9.55 x 10.47 
= 100 Watts (Answer) 
: 16T 
Again, ae 
_ 16 X9.55 
~ 1x 0.0153 


= 14.41MPa(Ans. ) 
18. Draw free body diagram of member ACB and CD. Considering the system in static 
equilibrium, find out the force P if the compressive force in member CD is 2KN. 


Solution: 
of ACB: Feo Pp 
i) £ Fey eS 
Ay ‘ 
rRD2tco; Fa 
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=> 1.5 xF,sin45° = P x 3 
1.5xX2xsin45 


= P= eh = 0.707KN = 707N(Answer) 


19. A concentrated load P is applied at the midspan of a simply supported beam of 

length L. Draw the bending moment and shear force diagram and the point on the 

beam which will be most critically stressed. 
z At the point at which load P acts, the bending 
| moment at that point is maximum. At this point 


aRiaheg iy Danang 4 the beam will be most critically stressed. 
P/2 Piz 
SFD | om } earns om ; 
PL/4 
en 
BMD 207 pie 


20. Water is heated from 35°C to 75°C by oil in a counter flow double pipe heat 
exchanger. The oil enters the heat exchanger at 111°C and leave at 75°C. Calculate 
LMTD in this situation. 
Solution: 
Here, Tcin= 35°C and Tcout = 75°C, Thin= 111°C and Thou= 75°C. 

AT; = Thin — Tcout = 111 — 75 = 36 

and AT, = Thout — Tein = 75 — 35 = 40 


AT2~—AT, 
LMTD = “25% 
TAT, 
40-36 
- nse 
36 
“ LMTD = 37.97 


= 38 °C or 38 K(Answer) 


21. Draw TOP VIEW, LEFT and SIDE VIEW and FRONT VIEW. 


‘Am © 
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22. A thin wall pressure vessel is 50 mm mean radius with a wall 2.5 mm thick. 
Calculate the maximum allowable internal pressure if the stress in the wall must not 
exceed 150MPa. 

Solution: The solution must be based on the circumferential stress since this is the largest. 

0 c= PD/2t = 150 MPa 

=P = 150 MPa x2t/D = 150 x 2 x0.0025/0.1 

“.P = 7.5 MPa (Answer) 


Kastern Refinery Limited (ERL) 
Post: Probationary Engineer(Mechanical) 
Time 10.00AM to 11.30AM 
Date:20.01.2017 
Exam Hall: ECE Building, BUET 


Non-Departmental 

1. Which country’s citizen discovered Europe to India road? Portuguese 

2. Land of the Midnight Sun- Norway 

3. Rain water fall drop — surface tension 

4. BNS Nabajatra- Sub Marine 

5. Which test refers white blood cell?- WBC 

6. What is the unit of length used to measure distances to objects outside our Solar System? - 
Light year 

7. what is the unit of measuring ozone layer thickness ? Dobson Unit. 

8. Which gas is not responsible for climate change/global warming? ----- Nitrogen (Question 
+ answer not sure. May be similar of this..) 

9. In which layer the increase of temperature with altitude is a result of the absorption of the 
Sun's ultraviolet radiation by ozone? —stratosphere 

10. The indigenous people of North America- Red Indians 

11. Which country uses Bangla as 2nd mother language?— Seara Leione. 

>) Aaa MAS 1H AT CHTAUG? -- aTFaH 

2) ima BG Ise We fe. ITCHA OTE 

©) WY AA AMAS 1H CHG Sefer 

8) yore we fe. Rafat Prara 

&) Yat a faraho =H -. HATA 

%) SHAT 4a fasts =H fose- wIPUsT 

9) WA 4a APS Sora fF7-- Ws 

b) AMISH AAA TT CPTALC 2--- GALT SOSA, slp UGT OUP ict ATL CRT fer 

d) BHATT QA, SHAW CHA fara. waaCTA FAeTaT 

90) fofy BESTT CMS VIB AON CHAT PIAS? 

99) TPR AAA YAS YA PAA GT ARITA (TAT ARN GE PaCS (SH AeHT?--- GIT aT 

92) CI HB FAHY ACH CTA MAS AH CAR OMICS (S IeT RI? MOTH *THy 

TS Se NA ATR 


Fundamentals of Mechanical Engineering QB-93 


Departmental MCQ 

. High head developed 

Secondary air flow in gas turbine 

Hoop stress ratio 

Gas turbine works on which cycle 

Overhanging rod 

Computer related 

Time period relation with damping coefficient 

Not Desirable refrigerant properties 

for supersonic flow nozzle velocity, 

0. When Engine efficiency is maximum?--1.Rich Air fuel mixture. 2. Lean Air fuel 
mixture. 3. Homogeneous 4. Heterogeneous 

11. The tank is 2 m wide into the paper. Neglecting atmospheric pressure, find the 

resultant hydro static force on panel BC. 


Soe Ae ae eS 


Solution: 
We get, BC = V42 + 34 =5m 
The resultant force F, may be found by simply applying the hydrostatic relation, 
F =hpgA = 3+5)x 1000 x 9.81 x (5 x 2) 
= 441450N = 441.45KN (Answer) 
12. A pitot static tube is used to measure the velocity of water in a pipe of diameter 


10cm. The static pressure is 2KPa. Calculate the velocity and flow rate of the pipe flow. 
Solution: We get from Bernoulli equation, 


a v2 
pg 28 
=P= 5 pv" 


| P 
=vy= f-= (RY = 2.0m/s(Answer) 
p 1000 
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Again, Q= Av = vale Xv= 70.1? x 2 = 0.016m?/ sec (Answer) 


Another solution: P=hog; v = ./ 2gh 
13. In a boiler plant mass installation is 8 ton/hr. If the enthalpy of steam is 2676 kJ/kg 
and feed water is 420 KJ/Kg, find the boiler power in KW and HP. 
Solution: Given, h=2676 KJ/Kg; he=420 KJ/Kg; m=8 ton/hr; 
Boiler Power = m(h—h,)= =_ x (2676 — 420) 
= 5.013 KW (Answer) 
= 0.511 HP [1boiler Horsepower = 9.81K W] (Answer) 


14. Write the name of the following machines (/elements). 


Worm Gear Cam Shaft 


15. Write the purpose of following instruments. 


High Temperature measurement 
An instrument that measures the power output of an engine. 


Rota meter A rotameter is a device that measures the flow rate of fluid in 
a closed tube. 
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Hydrometer A hydrometer or aerometer is an instrument that measures the 


(relative density) of liquids. 


Odometer An instrument for measuring the distance traveled by a 
vehicle. 


16. Draw the vapor Rankine Cycle on temperature and entropy (TS) plane. Show 
thermodynamics processes with the corresponding equipment. 


T 


1-2: Reversible adiabatic pumping process in the pump, 

2-3: Constant-pressure transfer of heat in the boiler, 

34: Reversible adiabatic expansion in the turbine (or other prime mover such as a steam 
engine), 

4-1: Constant-pressure transfer of heat in the condenser. 

17. In a thermodynamics cycle mass of working substance is 0.83kg, initial pressure is 
0.7 MPa, initial volume is 0.823 m? and after expansion volume becomes 1.425 m?. Find 
(i) Workdone for constant pressure process. (ii) Work done for isothermal process. 


Solution: (i) W = P (V2—-V)) = 0.7 x10®x (1.425—0.823) = 421.4KJ (Answer) 
(ii) W= 2.3 PiVilog <2 = 2.30.7 x10®% 0.823 x log (——)= 316.26KJ (Answer) 
1 “ 


18. Find the frequency for free damped vibration. 


spring= 3Kg 
S=2KN/m 
9Kg 
Solution: 
Given, mass of load, my= 9Kg; mass of spring, m,= 3 Kg; s = 2KN/m= 2000N/m; f,=? 
We get, 


1 1 [2000 
f, = = me => rr 2.25 Hz (Answer) 
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19. Draw the typical performance curves of centrifugal pump showing the design/duty 
point. 

Answer: 

Here, Point A is the operating point (where system curve and head curve meets; system curve 


is a function of elevation or static head including major and minor losses). Point B is the 
design point (consider at best efficiency point). 


Head {H) 


Efficiency (n) 


power (P) 


——> Efficiency (n) 
——» Power (P) 


———— Head (H) 


system curve 


—— Discharge (Q} 


20. Find the reaction at point B. 


Solution: 

Taking moment at A, } Ma = 0 

or, 2x34+2x1.5—By x2=0 

or, By = = 4.5 KN (Answer) 

21. Find the maximum load P that will not exceed overall deflection 3mm. 


2P 


Stee! Aluminium 


L=1000m. L=1500m 
A=500mm? A=300mm2 


E=200GPa E=70GPa 
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Solution: 
. 2p 
P 3P . 
P : a 
Pp ae. 
Sst = rs aE pe Compression] 
_. P x 1000 pipes 
= OA 10-6 x 200 x 109 
4) = — ee Tension] 
2p wen) 1.43P x 1074 
~ 300 x 10- ©x70 x 109 
We get, 
Sa) — Sst = 3 x 1073 
or, 1.43P x 10°* — Px 1075 = 3x 1073 
or, P x 1.33 x 107* = 3 x 1073 
. P = 22.55 N (Answer) 
2. Draw the TOP view and RHS view. 
- ¢ t , x 3s aera paves 
poten R.H.S View 


@ 
A 


Front ; Top View 


Lae tore ee 
1 


Bangladesh Export Processing Zone Authority (BEPZA) 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 12.00PM 
Date: 30.12.2016 
Exam Hall: BEPZA Public S&C, Saver EPZ 

Non-departmental questions 
1. (i) Cocea itor  ACAA ABAT? Bs - Bory 
(ii) VAT-CIIA-VYAT SA CTA? Gs- VG Gea “MDT 
(iii) UW HAO BPS HY Pal WI AIS PAY ASP! Gs -YaAfoPUT 
(iv) “Brora” 4a fs FaceRH fe? Gs- WS BIE 


x 
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(v) “fre” Care fers? Gs- Gofersy 

(vi) “Wate Pig” Ion VI SUCH? Gs- AAT AGT (SW Yas TeeM*ASa) 

(vii) Tesfoa ermal ( Sra Cy gfe Ufo » Ss wh yofaana ways 

(viii) “waver =Wifoa HSS ATA Cra? Ge- WAPHI 

(ix) SAT ART AAD WABS HAG Gs-CMIAM AL Bray 

2. (i) What is the plural form of memorandum? Answer:- memoranda 

(11) What is the antonym of Apex? Answer:- Bottom 

(iii) Who is the writer of war and peace? Answer:- Leo Tolstoy 

(iv) Write the passive of 'l know where he lives" Answer:- It is known to me that where 
he lives 

(v) Which type of sentence it is- “Do or die”? Answer:- Compound sentence 

3. Elaborate these- BEPZA, CETP, UNHCR, VIRUS, HTTP. 

Answer: BEPZA- Bangladesh Export Processing Zone Authority 

CETP- Common Effluent Treatment Plant / Certified Employee Training Program/ 
Cholesteryl Ester Transfer Protein 

UNCHR- United Nations High Commissioner for Refugees 

VIRUS- Vital Information Resources Under Siege 

HTTP- Hypertext Transfer Protocol 

4. (i) How many EPZ’s under BEPZA? Answer:- 8 (Website of EPZ shows that) 

(ii) Who is the architect of Kamlapur Railway station? Answer: Robert Boughey 

(iii) How many districts has land border with India? Answer-30 

(iv) Which is the largest (by area) district of Bangladesh? Answer:- Rangamati 

(v) Which is the largest island of Bangladesh? Answer:- Bhola 

5. (i) Which was the latest Environmental summit? Answer:- 

(11) How many objectives of SDG? Answer: -17 

(iii) How difference of time between Greenwich and Bangladesh? Answer: +6 hours 

(iv) Which is the largest organ of human body? Answer:- Skin 

(v) What is the meaning of “Diamond Cuts Diamond”? Answer:- SATS WHS COT 

6. Two train of 200m and 300m moves at a velocity of 40Km/hr and 30Km/hr in 
parallel. When they will cross each other? 

Answer: 

[Length of The Train 1 + Length of the Train 2](m) = [Speed of the Train] - Speed of the 
Train 2] (m/s) x Time taken to cross (s) 

7. (1) If a:b= 4:7 and b:c=5:6 then find a:b:c? Answer: 20:35:42 

(31) If x/a-b=y/b-c=z/c-a then x+y+z=? Answer: 0 

(iii) If Vx =4,then Vx =? Answer: 8 

(iv) Summations of age of father and his son is 74. Age ratio before 10 years is 7:2. Find 
ratio of age after 10 years. Answer: 31:16 

(v) 8,11,17,29,53, _? Answer: 101 

8. Translate at English: 

(i) GFT POA AIM GAT BCPA GTRe 

(ii) WeaNCHTa CITA =F HATA FATA 
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Departmental questions 
9. What is modulus of elasticity & modulus of Rigidity? Which one is greater? Draw a 
typical stress strain diagram showing Elastic limit, proportional limit, and Yield point, 
ultimate strength & breaking strength. 
Answer: Modulus of elasticity: Hook’s law states that when a material is within elastic 
limit, the stress is directly proportional to strain. 
1.€., 0 © €; O=Es -.E=o€ 
Where, E is a constant of proportionality and known as Young’s Modulus or modulus of 
elasticity. 
Modulus of rigidity or shear modulus: It is found experimentally that within elastic limit 
shear stress is directly proportional to shear strain. Mathematically, t 0 @;or, T=C © 
Where, t= shear stress; g=shear strain and C= constant of proportionality, known as Modulus 
of rigidity or shear modulus. It also denoted by N or G. 
For most materials, the modulus of elasticity is larger than the modulus of rigidity. 


2G A Proportional limit 
| eft B Elastic limit 
| ae “As Os Cc Upper yield point 
| Be va D lower yield point 
Z| ere E Ultimate stress/strength 
4 / F Breaking stress/strength 
/ G Actual Rupture Strength 
/ 
eo a 


11. Write down second law of thermodynamics. 

Answer: According to Kelvin-Planck- “It is impossible to construct an engine working in 

a cyclic process whose sole purpose is to convert heat energy into an equivalent amount 

of work. 
Clausius Statement: It is impossible for a self-acting machine working in a cyclic process to 
transfer heat from a body at a lower temperature to a body at a higher temperature without 
the aid of an external agency. 

11. What is cooling tower? Draw a schematic diagram of a cooling tower. 
Answer: A cooling tower is a heat rejection device, which extracts waste heat to the 
atmosphere though the cooling of a water stream to a lower temperature. 
(A cooling tower is a specialized heat exchanger in which air and water are brought into 
direct contact with each other in order to reduce the water's temperature. As this occurs, a 
small volume of water is evaporated, reducing the temperature of the water being circulated 
through the tower). 
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c Spray header 


Warm water in 
from condenser 


A 


fit Pa 

= ae aa ga 

ty ae ' H cee 
eee : | 4 i pogt Ait out 

we id i] tii 1 = 
ei |, Tor 
Nae iy tp ot i a 

eT ‘Za 

‘ome a 


wee IES, Louvre 
Make up ates he y me 
water bone res ———» Cooled water out 


qs to condenser 


Fig. Natural Draft Cooling Tower 
12. What are the Difference between fired tube & water tube boiler? Mention boiler 
mountings & accessories. 


Water Tube Boiler Fire Tube Boiler 


The water circulates inside the tubes which The hot gases from the furnace 

are surrounded by hot gases from the pass through the tubes which are 
furnace. surrounded by water. 

2. It generates steam at a highest pressure upto | 2. It can generate steam only upto 
165bar. 24.5 bar. 

3. The rate of generation of steam is high i.e. 3. The rate of generation of steam is 
upto 450 tonnes per hour. high i.e. upto 9 tonnes per hour. 

4. Fora given power, the floor area required for | 4. Fora given power, the floor area 

the generation steam is less, i.e. about 5 m? required for the generation steam 

per tonne per hour of steam generation. is less, i.e. about 8 m’per tonne 
per hour of steam generation. *. 

5. Overall efficiency will 
economizer is upto 75%. 

6. The transportation and erection is 
difficult. 

7. It can also cope reasonably with 
sudden increase in load but for a 
shorter period. 

8. The water does not circulate in a 
definite direction. 

9. The operating cost is less. 

10. The bursting changes are less. 


5. Overall efficiency will economizer is upto 
90%. 

6. It can be transported and erected easily as its 
various parts can be separated. 

It is preferred for widely fluctuating loads 


8. The direction of water circulation is well 
defined. 

9. The operating cost is very high. 

10. The bursting changes are more. 

Boiler Mountings: 

Examples: Water Level Indicator, Pressure gauge, Safety valves, Steam stop valve, Blow off 

cock, Fusible plug, Feed Check valve 

Boiler Accessories: Boiler accessories are- Superheater, Economizer, and Air Preheater. 
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12. Draw performance curve of a centrifugal pump. How can you identify petrol engine 
and diesel engines? 


& HEAD(H) 

Sax EFFICIENCY, 7 
tus - 

5S 

tS us 

wot 

POWER,P 
| SPEED = CONSTANT 


—w» DISCHARGE ,Q 


Fig. Operating characteristic curves of a pump. 


Diesel engines are compression ignition and petrol engines are spark ignited one. If there is a 
spark plug its petrol engine or else it would be diesel engine. The presence of fins in the 
engine compartment also differentiates them apart as Diesel engines have and petrol does 
not. 

11. What are the differences between Gas turbine & I.C. Engine. Moet aoe ees " 


; | I.C. Engines | Gas Turbines 
' Ignition and lubrication systems are | isaiion and lubrication syateria are simpler 


‘| complicated as compared to gas turbines. | as compared to IC engines. 


|s 
a fe fee Se 
| 2.; Weight per HP developed is greater. | Weight per HP developed i is lesser. 
‘Exhaust gas pollution ; 1s comparatively less. 
3.) Exhaust gas pollution is more. polluting since excess air is used for 
| [combustion t 7 
4 | Thermal efficiency is higher conmmared to | Thermal efficiency 1 is lesser than LC. | 
| simple gas turbine. oe for simple turbine cycle. 
5 | Fuel cost comparatively costlier fuel | Fuel cost comparatively cheaper fuel can ‘be 
ms required. | used. | 


| 
a Se ee 
. Work developed per ee of air is more. 


ae oe 


| [6 Work k developed per kg of air is lesser. 


i er en em nemerink pine lRan A aaa 


“Mechanical efficiency is lower than gas —/ Mechanical efficiency is higher than IC 
|": turbine. | engine. 
bad (It produces exhaust gases five times greater | 
than IC engines. | 


. 8 | It produces lesser exhaust gases. 


tn me S aaeniaeeata rt ved 


= | 
9. ' Requirement of flywheel is a must. | Requirement of flywheel i is not t required. | 
Rice ee es a re 
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ee [kA CER 


110. HC engine can t be driven at higher speeds. | Gas turbine can be driven at {higher S ceeds” ! 
ie 


11. ‘Starting is easier. | Starting i is difficult, 


— pent Fi ag es pe att enc ert a arc a Fe eS steam ead gg Sa Re ae ee 


; Fuel sontrol i is comparatively difficult due: 
| to wide operating speeds. 


nn ee a 


12. Fuel control is comparatively easier. 


ES ES ee eee eed eee 
14. Write short notes on- 
(i) Tonne of refrigeration: A tonne of refrigeration is defined as the amount of refrigeration 
effect produced by the uniform melting of one tonne (1000 kg) of ice formed and at 0 degree 
Celsius in 24 hours. 
‘In actual practice one tonne of refrigeration is taken as equivalent to 210 KJ/min or 3.5 KW 
(ii) Co-efficient of performance (COP): 
The coefficient of performance is the ratio of heat extracted in the refrigerator to the work 
done on the refrigerant. 

Theoretically COP = Q/W 

Q = Amount of heat extracted in the refrigerator (or the amount of refrigeration produced or 
the capacity of a refrigerator) 
W = Amount of work done 
(iii) Fouling Factor: During operation of the heat and mass carrying, tube surface gets 
covered by deposits of ash, soot, dirt and scale etc. This phenomenon of rust formation and 
deposition of fluid impurities is called fouling. It is difficult to ascertain the thickness and 
thermal conductivity of scale deposits, the effect of scale on heat flow is considered by 
specifying an equivalent scale heat transfer coefficient h,. The reciprocal of heat transfer 


coefficient h, is called the fouling factor Ry. 
pes dod 1 
/ hs Uairt Uciean 


(iv) Nuclear Energy: 

A small amount of radioactive substance (U23,) can produce a lot of energy through the 
process of nuclear fission. For example, one ton of uranium can provide energy which is 
much higher than three million tons of coal or 12 million barrels of oil. In order to obtain 
nuclear energy, nuclear reactors are required. There are around 300 nuclear reactors all over 
the world. 

15. An engine absorbs 1000J heat at 600K temperature & rejects heat 600J at 300k 
temperature. Determine efficiency and also the maximum possible efficiency. 

Solution: 


~_ 1000 — 600 
Lie nat = == "ano 40% (Answer) 
1 
Maximum Possible Efficiency: n = a =n= —_ = 50% (Answer) 
1 


16. A pressure Gauge measures 25 bars and atmospheric pressure is 1.03 bars and the 
value of g is 9.8m/s2. Determine absolute pressure. 
Paps = Pgauge + Patm = 25 + 1.03 = 26.03 bar (Answer) 
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17, Write the chemical reaction of feed water in a power plant. 
There are many processes for feed water treatment. Please read any book. Here from G.R. 
Nagpal’s Book- 
Chemical Treatment: (i) Internal Treatment: Co3+2Na3PO4>Ca3(PO)2+Na2CO3 
(ii)External Treatment: (a) Lime Soda Treatment: Ca(HCO3)+Ca(OH)2>2CaCO31T+2H20 
MgS0O4+Na2CO3>MgC0O31+Na2SO4 
(b) Ion exchange process: CaSO4+NaZ—Na2SO4+CaZ 
CaZ+2NaCl>N2Z+CaCh 
18. A jet of vena contactra has a diameter 40mm and the orifice diameter is 32mm. Find 
co-efficient of contraction. 

=x40? 


Solution: C.= = = £— = 1.56 (Answer) 
204 


Bangladesh Gas Field Company Limited (BGFCL) 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 11.30AM 
Date: 10.03.2017 
Exam Hall: ECE Building, BUET 


1. An air tank is sealed with interior pressure of 130kPa. If it is placed in a reservoir 
where pressure is 100kPa and temperature is 23°C. Find the gas jet velocity when 
there is a leak in the tank. 

Solution: Given, P; = 130kPa, P2 = 100kPa, T = 23°C = 296K 


= P _.100K20% 3 
We get, p = a see 1.177 kg/m 


~V= ./2gh = [2g yee = [asaoxso® = 225.78 ms! (Answer) 
pg 1.177 


N.B.:- It is a possible solution; it may be wrong or may not be. 
2. Draw schematic diagram of gas turbine plant with regeneration and intercooling 
with T-S diagram. 


Regeperator 


Combustion 
Chamber 
4 : 
— 


7 
BE a : } 

Cc ee Turbine ei ———o 
u 16 


—_ a 


. es 


a 
Interceoter 
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3. A pipe of nominal diameter 500 and 12 mm thickness flows 1 Mm/?/day is connected 
with an air tank of 1 atm and temp. °C. when air flows at pressure 100 atm and 
temperature 25°C with a viscosity 0.0 Poise, then find the Reynolds number. 
Solution: Dy = 500mm 

Let, Dx = Do [as Dn is more than lin] 
k = 0.00012 Poise* 0.000012 Ns/m? 
- Q=1 Mm3/day =1 x 10° m3/day 
“« D, = 500 -(2 x12) = 476mm 


a ace 1x10® = 1x10°x4 
eee A 24x3600x—xD ——-24x3600xmx(0.476)? 
 V= 65.04 ms“! 
_ _ P _ 100x101325 _ 3 
P= pRT > 9 = == “ae 118.5 kg/m 


VD; 118.5x65.04x0.476 
~Rey = i= Se = 305.65 x 10° (Answer) 
m 0.000012 


4. Determine the tension of each of rings where the string is frictionless. 
Solution: 


ye 4 


We get, Roger 
re 2m4m2 = 2x10xX20 x 9.81 ‘ 
m,y+m2 30 
= 130.8N 


As the string is frictionless so tension in both cables are 
same and tension = 130.8 N (Answer) 


5. Draw the schematic diagram of combined GT-ST cycle. 
Answer: 


6. Temperature of inside wall is 80°C and outside wall is 30°C. If the wall is 1m wide, 
length of the wall is 1.5m and thickness is 6mm. Find the heat flow rate and thermal 
resistance where k = 0.4 w/mk. 
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Solution: 
Q=-kAS = -04x1x 15822 
dx 0.006 
-. Heat flow rate, Q = 5000 J/s (Answer) 
: : k 
Thermal resistance, Rin = <a = ee 
- Ry, = 0.01 k/w (Answer) 


7. A reverted gear shown in figure. Find the speed ratio. Number of teeth are T; = 10, 


T2 > 20, T3 = 32 and T4 a 40; 


Solution: 


Se nce 
en, 
Je 
Vi). @ F, 
N* 
1> 
~ et 
me 1 Ty 
% 
iy 2 aie 
% 
ee 7) 44 Reverted gear train. 
é Ni _ T2XxT4 is 20x40 =o 
Speed ratio Ne ose oe 2.5 (Answer) 
8. Find the pressure at pressure gauge A. Take friction factor is 0.01 and water density 
1000 kg/m’. 
V=Sinis 
Pu=2000KPa 
Solution: 
Pa 4 VA _Pe, VB 
oe tae FR = et og et Me 


=> Ps = Ppt pg X 7d 
= 9000 X 102+ 1000 % Loses” 
2x0.2 


- Py = 5125 KPa (Answer) 


9. Thermal expansion related math. 
o = akEAT 


QB-106 Job Solution 


10. Pressure Vessel (Allowable internal pressure). 

11. Ina series connected compressor inlet pressure is 1000kp, and discharge pressure is - 

2000kp,. How many compressor will need if the compression ratio between 4 to 5. 
Solution: . 


N YT 
- = Pintermidiate = Pintermidiate 4 7 a 
“3-2! P 100 
“- Pintermidiate = 400kp, 
; out 
Coleg 


Pintermidiate 


P 
= 5 = out 
400 


=> Pour = 2000kp, = P2 
-. No of required compressor = 2 (Answer) 
N.B.: This may be a possible solution. 
12. Draw FRONT VIEW, TOP VIEW and LHS VIEW. 


7” 


FRONT VIEW 


1 


TOP VIEW 


LHS VIEW 


Fundamentals of Mechanical Engineering QB-107 


Sylhet Gas Fields Company Limited (SGFCL) 

Post: Assistant Engineer(Mechanical) 

Time-2:30PM to 4:00PM 
Date: 10.03.2017 
Exam Hall: ECE Building, BUET 

1. Draw the actual and air standard Otto cycle P-V diagram with all thermodynamic 

processes. 
End of 
combustion 


Exhaust 
valve 


{ opens 


TDC BDC v 


Process 1-2: Reversible adiabatic compression of air 
Process 2-3: Heat addition at constant volume 
Process 3-4: Reversible adiabatic expansion of air 
Process 4-1: Heat rejection at constant volume 
2. A boiler steam pressure is 11.5 bar and feed water temperature is 34°C. Dryness 
function is 0.85. Enthalpy of saturated water = 790 KJ/kg 
Enthalpy of saturated steam = 2780 KJ/kg 
Enthalpy of feed water = 142.4 KJ/kg 
Latent heat of evaporation is 2257KJ/kg. 
(i) Find the specific enthalpy of steam; 
(ii) Find the evaporation factor. 
Solution: Given, hg = 142.4 KJ/kg, hp = 790 KJ/kg, hy = 2780 KJ/kg, x = 0.85. 
(i) Total enthalpy of steam, h = he + xhgg = hp + x(he— hg) 
= [790+0.85 x (2780—790)] Ki/kg 
= 2481.5 KJ/kg (Answer) 
h—-h¢, 
2257 
_ 2481.5-142.4 


2257 


(ii) Factor of evaporation = 


= 1.04 (Answer) 


QB-108 — Job Solution 
\ 

3. A cantilever of length 2m fails when a load of 2000N is applied at the free end. If the 
section of the beam is 40mm x60mm; find the stress at the failure. 4 
Solution: | 

40mm y a 
ay zi : = - 
he 235——— Pe 
KN : ‘ a 


60mm vk JSAMARAS VASA A ASAA SSA AAAS AAS 
Shears torso clagra: 


SF ae GO ie ae 

{- 34D ite 
a 

ee ra 


Bending moment diana 


_ bh? _ 0.@4x(0.06)? 


6 
= 2.4x 107>m3 
| & = Ma 1000 
NE Ss ~~ 2.4x1075 
. 8; = 1.66.67 MPa (Ans. ) 
4. Temperatures of inside and outside of a wall are 80°C and 30°C respectively. The 
wall is 4m x 3m x 0.35m and k for the material is 4.5 w/mk. Deterrmine the heat 


flow in per minute. 
Solution: Given, T; = 80°C, T2 = 30°C, A =4 x 3 = 12 m’, dx = 0.35m, k = 4.5 w/mk 
2 Q= —kAS = -4.5 x 12 SEBO EK Simin 
dx 0.35x1000 
- Q = 462.86 KJ/min (Answer) 

5, Find the maximum torsional shear stress in a solid shaft of diameter 10mm, applied 

torque is 30 Nm, and length of the shaft is 4m. 

Solution: Given, T = 30 Nm, D = 10mm = 0.01m 


16T 16x30 
olmak ans = Foon 152 MP, (Answer) 


6. A motorcyclist runs his vehicle on a curved path of radius 500m. Velocity of 
motorcycle is 70 km/hr. Determine the acceleration. 
Solution: Given, r = 500m, v = 70 km/hr = 19.44 ms” 

v2 (19.44)? 24 
ay eee 0.756 ms (Answer) 
7. Elaboration: NPSH, BDC, HHV, HVAC, BHP 
Answer: NPSH = Net Positive Suction Head. 
BDC = Bottom Dead Centre. 
HHV = Higher Heating Value. 
HVAC = Heating, Ventilation and Air Conditioning. 
BHP = Brake Horse Power. — 
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QB-109 


A compressor handles 800 cfm air at 30°C and 200KPa. What is the cfm at standard 
atmospheric condition? 
Solution: Given, V, = 800 cfm, T; = 30°C = 303k, P; = 200 kP, 

Py = 101.325 kPa, T2 = 273k, V2 =? 


PiVi P2V2 
Weget, —— = — 
. Tx T2 
ae ee P,ViXT2 _ 200x800x273 
"M2" T1xPy 303 101.325 


“ V2. =1422.73cfm (Answer) 


9% If Ry = 2.20 and Rz = R3= Ry, = 2.72, Then find the voltmeter reading. 
Ri R2 
Cw) 
Solution: 
We get, 
_ Rs ep Bd - 
V3-4 = RgtR, B= Ta * eee 
_ Rg meee: = 
Vi-2 = wer XxE= Terran 15 = 8.27 V 
-. Voltmeter reading, V = V,_2 — V3~4 
= 8.27 —7.5 


V=0.765V_ (Answer) 
10. Water flows through a pipe in which a manometer is attached at 2 points of that 


pipe. If the manometer deflection is 3m then find the pressure difference of point 1 
and 2 in kPa and m of H,O. 


Solution: 
We get, 

P, + (hpg)w = P2 + (hog) ue 
>PR~PR= (hpg) Hg fa (hpg)w 
=3x13.6x9.81 -3x1x9.81 
“« P, —P, = 370.818 kPa (Answer) 
or, P, —P, = 37.8mofH,0 (Answer) 


i) 
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8. A compressor handles 800 cfm air at 30°C and 200KPa. What is the cfm at standard 
atmospheric condition? 
Solution: Given, V, = 800 cfm, T; = 30°C = 303k, P; = 200 kP, 
P, = 101.325 kPa, Tz = 273k, V2 =? 


We get, = 
Bok ie 
Vy = Pa¥axT2 _ 200x800x273 
2" TyxP, ~ 303X101.325 


“ Vz = 1422.73cfm (Answer) 
9. If R, =2.2Q and Rz = R3= Ry = 2.720, Then find the voltmeter reading. 


Ri R2 


Solution: 
We get, 
_ Rg ney, > 
3-4 ~ Rg +Ry B= Tyen7* te oN 
_ Re = eT 7 
Vi-2 = aan XxE= rae Tia! 15 =8.27V 
-. Voltmeter reading, V = Vy. — V3-4 
= 8.27 -7.5 


V=0.765V_ (Answer) 
10. Water flows through a pipe in which a manometer is attached at 2 points of that 
pipe. If the manometer deflection is 3m then find the pressure difference of point 1 
and 2 in kPa and m of H,0. 
Solution: 
We get, 
P, + (hpg)w = P, + (hpg)ug 
> P,—P, = (hpg)ug — (hpg)w 
=3x13.6x9.81 —3x1x 9.81 
- Py -P,; = 370.818 kPa (Answer) 
or, P, — P, = 37.8m of H,0O (Answer) 
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Bangladesh Power Development Board (BPDB) 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 11.30AM 
Date: 09.11.2016 
Exam Hall: BUET 
Non-departmental 


1. WASH Se Ce AGATE STATA 

2. DITA & Bis CHT STATA =e HSANT| 

3. RICA APS. ASA fS? TBAT! 

4. fart aa Mee 1H CHANG? ZIG! 

5. QUABS CHA AIP. SANTA BULA ANA 

6. Mal Aa WAS MH AA CHG. STFA 

7, CRA ANIC HNIRIA WAR VAr- FS WAICH | 

8, wnat ca he ACER CHAE? WE eTate 

9, yorar we fe, afar Pret 

10. faa Py Ga IAS Cr Ta aa CTO 

11. Tere US Sted AISS CH? Shao G fannsral 

12. weird cata We fr. MATOS 

13. Use Oras SUPT Bla i f2 ALA STATI 

14, CBAC Oe NSlAr- HIE War! 

15. If x>31 and y<59 ,x and y r prime number then xt+y=? Answer: 90 

16. Who is the highest wicket taker in Bangladesh vs England match? Mehedi Hasan Miraz 
17..Who is the architect of national shohid minar?- Hamidur Rahman 

18. Where the head quarter of UN-ESCAP is? — Bangkok 

19,___ emits from light? — Photons 

20. Who calculates the height of Everest? - Radhanath Sikdar 

21. Neela’s age was 15 years and 11 months at 11 November 2006. Her birthday was- 14" 
December 1990 

22. Which is used for store photos, video, audio etc.? — File Sarver 

23. Where hard-rock is found? ----Madhyapara 

24. What is the power house of cell? -Mitrocondia 

25. Who is the first Bengali woman who conquers Everest? - Nishat Majumder 

26. Bangladesh contains the India and Myanmar border with the district- Rangamati 
27. 1,1,2,3,5,8,13,21,34, ....? Answer: 55. 

28. How many two digit number other than 13 which increases by 18 when the digits 
changes its position? Answer: 6 

28. The bright star in night is- Sirius 

29. Full meaning of URL is- Uniform Resource Locator 
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30. Electric bulb contains the gas- Nitrogen 
31. Boiling isa___ process? - Physical Process ee 
32. Nanometer is equal to___ of meter? Billionth 
33. If floating ice melt in a glass what will happen? — water level will same 
34. If ring bell in space what will happen? Answer: Not hear 
35. Why we can't see anything in darkness? Answer: No light from the object comes to our 
eye 
36. Which parts of plants reproduce? 
37. What is the unit of nerve cell? - Neuron 
38. Which disease not spread isn't spread by virus? - Colera 
39. Which is a chemical reaction? - Candle burning 
40. Which is valid web site?- - 
41. First election after freedom war was held in — 1973. 
(42-46).Correct spelling: Perseverance, Accommodate, Deductible, Commitment, 
Consensus . 
47, Which mirror is used in motor cycle for rear view?- convex 
48. In Electric iron what is happened? - Electric energy to heat energy 
49. In chemical reaction energy is - a) released b) absorbed c)both d)none of this 
50. spnfas aa firsts = CHATG? TIEPATT 
51. Who invented that the earth moves round? - Copernicus 
Departmental 
1. Center of gravity of a hemisphere lies __ below the center. — 3r/8 
2. Euler formula is not applicable for - slenderness ratio less than 80 
3. Stoichiometric air fuel ratio means — chemically correct air fuel ratio by volume or by 
mass : 
4. When the fluid is at rest then shearing force will be- zero. 
5. After critical thickness if insulation is added — heat flux will decrease 
6. For P= 2000W and N=500/n find T=? — 120Nm 
7. After leaving evaporator what is the state of refrigerant- superheated 
8. During heating and humidification the final relative humidity- can be lower or higher 
than that of the entering air 
9. Diesel is compared to petrol — more difficult to ignite 
10. Which one is not correct? a) Bomb calorimeter is used to measure the HHV of liquid or 
solid fuels 
b) Flash point is higher than the fire point 
Answer: b) 
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11. Determine the power transmitted by a belt drive on a pulley having dia 0.6 m and 
200 r.p.m. The tension on the tight and slack side of the pulley was given 2500N and 


1226N respectively. 
Answer: Given, T;= 2500N; T2= 1226N; D= 0. uae N= 200 rpm 
We get, Power = Torque x Angular Velocity = Fx = x “= = (T, — T2) x2 x on 


= (2500 — 1226) xa: 6 x 21x 200 
= 2 60 


= 8004.78W = 8.005KW (Answer) 
Another Solution, P= Fv 


12. Draw a schematic diagram of a boiler with economizer, super heater and air 
preheater. 


Super heated steam to 
the Turbine / Work place 


Wet 
Steam 


oe 


anamgp, Boiler | Super ona ea dean Aine: 


| } heater | | Preheater 


: Coal 


Air 


Schematic Diagram of Boiler Plant 


13. Determine the allowable cross section area of a bar of length of 2m, the maximum 
allowable tensile stress 150MPa and K=200GPa. The deformation due to tensile pull 
is 0.003m. 

Solution: 
Cannot recall the data so only solution procedure is provided: 


First apply this formula and findthearea o= =; Or, A= : = = 
And then apply this one and find ite area, 


§6=— 
AE 
Now, by comparing these two area values select the maximum allowable area. (Answer) 
14. Ina pitot tube stagnation and static pressure difference is 9.8 Pa; Density of air 1.23 


kg/m3. Calculate the velocity of flowing fluid. 
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Solution: Given, P, — P = 9.8Pa; p = 1.23 kg/m?. 
We get, P;—-P= ; pv? 

Or, 9.8 => x 1.23 x v? 


Or, V= 4.00 m/s (Answer) 
15. Draw the Schematic diagram of Brayton cycle with regeneration with T-S diagram. 


Regenerator 
Exhaust 


Temperature 


Opes repeneralive Braytoa cycle Entrapy 


16. Find the gauge pressure at the Tank. 
Air Fam 
i 


Solution: We get, 
Pa + 1.21 x 9.8 x 0.1 — 13.6 x 9.8 x 1000 x 0.10 = 0 


=P, + 1.1858 — 13328 = 0 
= Pa = 13326.81Pa 
=>P, = 13.33KPa (Answer) 

17. Write the expression of Joule-Thomson effect. And temperature of gas during 
throttling process for the cases of temperature decrease, increase and same i.e, 
negative, positive or same? 

Answer: Expression for the Joule-Thomson Effect is 


u= (5), GT D 
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po Same 
‘Negative (-) . 


18. Draw the FRONT VIEW and RHS VIEW. By st 


BE 


19. A cantilever beam that carries a point load p = 1000N at its free end of length is 2m, 
width of 0.25m. If the stress is 1OOMPa, find the height of the beam. 


P=1000N ph 


, nee | 
7 a ————. | | b 


Solution: Given that, b = 0.25 m; P = 1000 N; o = 100MPa. 
M 
We get, o= iS 


Here, § = on - ee M= PL = 1000 x 2 = 2000Nm. 


_ 2000x6 
0.25xh?2 


qr 
= 100 x 196= 2000x6 7, , ste 
0.25xh2 ‘ 
= h = 0.022m ie es AF 
ot Pa ip 
4 
fo) 


“h = 0.022m (Answer) 
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x A hollow shape spherical vessel of outer radius 200 mm and inner radius 100 mm, 
the thermal conductivity is 200 w/mk. If the temperature difference between inside 
and outside is 100° c and 50° c. Find the heat transfer rate? 
Solution: 
Given, rz = 0.2m; r, = 0.1m; 
T, — T, = 50K;k = 200 w/mK 
4mKril2(T,-T2) 
r2-Ty 
4X 0.2X0.1X200x50 
2-01 


We know that rate of heat leakage, Q= 


= 25.13KW (Answer) 


Pashchimanchal Gas Company Limited (PGCL) 
Post: Assistant Engineer (Mechanical) 
Time-3.30PM to 5.00PM 
Date: 19.05.2017 
Exam Hall: ECE Building, BUET 
1. Draw H-Q curve of centrifugal pump. Show effect of variation of impeller rpm on 
the graph. 


H 


Q 
2. A cylinder of 60 liter volume contains gas at 10000kPa at 25°C. Some gas released 
from this cylinder, pressure falls at 4000kPa and temperature becomes 15°C. 
Assuming R= 0.296Kj/Kg then find the amount of gas released. 
Solution: Given, V=60L= 60 x 1073m?, P, = 10000KPa; T, = 25°C = 298K; 
P, = 4000kPa; T, = 15°C = 288K; R = 0.296Kj/Kg 
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We get, 
P, = p,RT, P, = p2RT2 
.. — Pa _ 10000 . = P2 _ _ 4000 
“Pa = Rr, 0.296x298 ” P2 = Bry ~ 0296x288 
= 113.36 Kg/m? = 46.92 Kg/m? 


Py — Pz = 113.36 — 46.92 = 66.44 Kg/m? 

mount of gas released = 66.44 x 60 x 10-3 = 3. 98Kg (Answer) 

In a gas pipeline pressure gage are 2Km apart and readings are shown. Average gas 
density is 40Kg/m’. Determine gas transport rate in Mm/*/day. Friction factor is 
0.005. 


x” Pa= 5000KPa (> Pp =3000KPa 


Solution: Given, L=2Km=2000m; p= 40K g/m? ; f= 0.005; Pg = 5000KPa; Py = 3000KPa; 
D=0.3m 
We get ea 
oy 7 f 
Pa _ Pa, fv? 


or, = 
Y Y 2gD 
5000x103 — 3000x103 , 0.005x2000xV? 
> 40x9.81 40x9.81 2x9,81x0.3 
or, V= 54.77 m/s 


~Q= AV = ris xV= = 0.37 x 54.77 

= 3.87 m3/s = 0.335 Mm?/day (Answer) 

4. Gas is compressed adiabatically from suction temperature of 15°C and compression 
ratio of 2. Calculate the rise in gas temperature (AT) due to this compression. 
Assume y = 1.4 and compressibility factor Z=1 for both suction and discharge. 


- Solution: Given, T, = 15 + 273 = 288 K; = =2;y=1.4 
x 1 


T2 P2 Yes 
We get, os GD ¥ 
T2 14-1 
or, == (2) 14 


14-1 
or,Tz = 288 x (2) 14° 
= 351.08K = 78.08°C. 
-. AT= 78.08-15 = 63.07°C (Answer) 
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5. Draw the P-V and T-S diagram for CI engine. o 
2 3 3 & 
e -seoX | 
‘ Ye 
= = =| 2 4 
ad g 4k 
: E : 
ee 
Volume Entropy 


6. A cantilever of length L carries a point load P at the tip of the beam. Draw the SFD 
and BMD and also find point at which critical stress occurs. 


P Critically stressed occurs near the 
A Se point at which the support is attached. 
: L 


SFD 

B 

pu ee 
4 BMD 


Cc 
7. A refrigeration system is given the following diagram. What type of this 
refrigeration system is? Draw the corresponding T-S diagram. 
Answer: This is cascade type refrigeration. 
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8. A 2m long and 10mm diameter tube is generating heat at rate of 8KW. The tube is 
exposed in ambient air at 30°C. If heat transfer coefficient is 2 KW/m”°C, estimate 
temperature at the tube surface applying steady state heat transfer. 

Solution: Given, L= 2m; D = 10mm = 0.01m; Q = 8KW = 8000W; 

T, = 30°C = 303K; A= anxDxL=n1x 0.01 x 2 = 0.063 m? 

h=2 KW/m*°C=2000 W/n*°C=, T=? 

We get, Q=hA (T;—T,) 

“. 8000 = 2000 x0.063x( T;—-303)= 126 x( T; —303) 

=>( T,;—303) =63.5 

=> T= 366.66 K= 93.5 °C (Answer) 

9. Find the least area moment of inertia and corresponding radius of gyration for the 
shaded area in the following fig. Given circle radius is 10mm and rectangular slot 
size is 2mmx5mm. 

Solution: 


tr* bh? 
Area Moment of inertia= Per 


_ ™(0.01)* 0.002 x (0.005)3 


4 12 
= 7.83 x 10-?m* (Answer) 
Radius of gyration, K= a 
Area, A= ttr* — bh = 3.04x1074 


783x107? = 
a~K= [2 ext05=5.07%10 3m = 5.07 mm (Answer) 


10. The module of a mating spur gear set is 3mm. Pressure angle 25°, number of teeth 
on pinion 20 and gear ratio is 3, driver pinion runs at 1500 rpm and transmits 
1200W to gear. Calculate: Driving force and separating force acting on gears. 

Solution: Given, m=3mm; 9=25°; T=20; gear ratio=3; N=1500rpm; P=1200W 

Driving Force, F, =? and Separating Force, F, =? 


We get, m= - F, 
Or, D = m x T = 0.003 x 20 = 0.06m F, 
Now, P= aia eee angle 
Px60 1200x60 F‘¢ 
ae TDN ™X0.06X1500 


= 254. 65N (Answer) 
Again, F, = F, tan 0 R= radius: 
= 254.65 x tan25° of Pitch Circle 
= 118.74N (Answer) 


11. Write the formula for finding 
a) Maximum torsional shear stress developed in shaft due to torsion. 
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b) Maximum bending stress developed in beam of circular cross section due to pure 
bending. 


Answer: 
AE _ 16T 
max TD? 


b _ MC _ Me __ 32M 

) Omax = “P= Ryi = aps 
12. A boiler is subjected to an internal pressure 50MPa. If the boiler has a mean radius 
is 300mm and hoop stress is 150MPa. Find a) the wall thickness and also find the b) 
Longitudinal stress in its wall. 


a) We know, Hoop stress o;¢ = 


2 
50x30 
a> t = 2OX800%K? = 100mm (Answer) 


2x150 
b) Longitudinal stress, oj) = ee =o = 75MPa (Answer) 


13. A CI Block is given below. Neglecting the dimensions draw TOP view, FRONT view 
ene RUS view. 


Meghna Petroleum Limited (MPL) 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 11.30AM 
Date: 06.01.2017 
Exam Hall: BUET 
Departmental 
11. In Automobile, “4x4/MPFI/3.0L/16V/VVTi”, What does this advertise mean? 
Answer: 
4x4 = 4 wheels and All 4 wheels driven. 
MPFI = Multi point Fuel Injection 
3.0L= Volume of charge is 3 Litre or 3000 cubic centimeter 
16V = Engine has 16 valves. 
VVTI= Variable Valve Timing with intelligence 
12. Draw block diagram and show all the processes of Rankine Cycle in T-S dienes 


Answer: Same as Previous vee question. 
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13. A pump flow rate of water is 0.01m3/s the pressure 1000KPa, the efficiency with a 
motor is 67%. Find Power in KW. 

Solution: Same as Previous year question 

14. 7250kg ice is melt in 24 hours at 0°C to 0°C. Find Capacity in Ton. (Latent Heat of 
ice to melt=333.6KJ/Kg, 1 Ton =3.5KW) 

Solution: Same as Previous year question. 

Q= sh = EO = 27.993KW = Bton (Answer) 

15. In a Counter flow heat exchanger, hot fluid enters at 240°C and leaves at 80°C. Cold 
fluid enters at 40°c and leaves at 120°C. Find LMTD. 

Solution: Same as Previous year question 

16. In a straight solid rod (dia 32mm, E=200GPa) is kept in a circular plate of radius 
Im. Determine bending stress, that can’t exceed proportional limit. 


_ Solution: Given, 


D=32mm=0.032m; Radius of curvature=1m, E=200GPa, Bending Stress, o,, =? 
M torn E 
We get, — = cy == 


200x109 


' Then, op = = = X y= x 0.016 = 3.2GPa (Answer) 
17. Draw a typically stnede: strain diagram for mild steel specimen. Show each point. 
18. Answer: Same as Previous year question. 
19. In a thin wall pressure vessel, mean radius is 50mm and thickness 2.5mm. Find 
internal pressure if the maximum allowable normal stress is 150MPa. 
Solution: Same as Previous year question 
20. Name 4 types of gears. Mention applications of worm gear. 
Solution: Same as question-! Power Grid Company of Bangladesh (PGCB)-2015 
21. Draw Top and Front sectional view. 
Non-Departmental 
ae 
>. me Hf fecM= as + Be 
. TOT CHIN AH- OST 
©, Biase a frerea- AGS AT 
8. SAA HOST Bra Tral- Yetta Cot gat 
C. UTS IA fery- Gor fey 
&. TET SMT AAT Aegt SUlG-Co 
9. ST PROTH BM THC, ARITA UT CHIN BIAS BS SAF 
vy, SHY OS ME, GAIA GIS THA SAS IA FASS Bd AAT 
d. TAN fre FAP OTe 
do. THIN Aaa Va- ANS 
>>. OP ara ore FG CATBT 
2. OIF A WAS “IH CHAG- OT 
do. ftoa Canto frefogay IHMC Era- GAT HTHS 
38. QT Wet Bs CT-N APT 
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de. AF SAT ASP, A SAS AA Gras Wes Bea Al, -FPOH 
du. Mba Fat Ass OL fe- aS Ta 


Electricity Generation Company of Bangladesh(EGCB) 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 11.30AM 
Date: 07.04.2017 
Exam Hall: BUET 


11. Diesel Cycle efficiency related math. 

12. Draw block diagram of vapor compression refrigeration system and show main 
parts of it and also show P-h and T-S diagram with sub-cooling. 

Answer: Same as Previous year question. 

13. Compressor P; and P, given n compressor ratio given. How many compressor will 
need if the compression ratio between 3 to 5. Where inlet pressure of natural gas in 
pipe 100kPa & outlet pressure maximum 2000 kPa. 

Solution: Same as Previous year question. (BGFCL-2017) 

14. LMTD of Parallel flow heat exchanger. 

15. Draw Psychometric Chart and show heating & humidification in a line and 
mention different points. 

Answer: Heating and humidification process of moist air is shown in figure. Line 1-2 

shows heating at constant humidity ratio and line 2-3 shows the humidification process at 

constant dry bulb temperature. The line 1-3 shows the heating and humidification process. 


—»Humidity Ratio 


—~s Dry Bulb Temp 


16. Maximum stress, allowable stress and area are given. Find out safety factor and 
maximum allowable pull. 

17. Find the power required to drive a centrifugal pump which delivers 0.04 m?/s of | 
water to a height of 20 m. Pipe diameter is 15 cm and length is 100 m long. The 
overall efficiency of the pump is 70% and coefficient of friction f = 0.015. 

Solution: Same as Previous year question. 

18. Elaborate the terms: VRF, AHU, HVAC, ASHRAE, FCU, TOR 

Answer: VRF- Variable Refrigerant Flow 

AHU-Air Handling Unit 
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HVAC- Heating, ventilation and air conditioning. 
ASHRAE- American Society of Heating, Refrigerating and Air-Conditioning Engineers. 
FCU- Fan coil unit. 
TOR- Time Out of Refrigeration. 
19. An impulse turbine develops 4500 KW under a head of 200 metres. The turbine 
runner has a speed of 200 r.p.m and discharges 0.8 cubic metre of water per second. 
_ If the head on the same turbine falls during summer season to 184.3 meters, find the 
new discharge power and speed of the turbine. (Similar) 
Solution: Given, P = 4500 KW; H =200m; Q = 0.8 m/s; and H, = 184.3m 
New discharge of the turbine 
We know that new discharge of the turbine, 
1/2 1/2 
Q,=Q x =) =0.8 x (=) m’/s 
= 0.8 x 0.96 = 0.768 m’/s Answer 
New power of the turbine 
We know that new power of the turbine, 


PL=Px @y" = 4500 x Ej% KW 


= 4500 x 0.88 = 3960 KW Answer 
New speed of the turbine, 
We also know that new speed of the turbine, 


N,=N x (ay = 200 x ea" r.p.m 


= 200 x 0.96 = 192 rp.m Answer — 
20. Draw SFD and BMD. 


1LOKN 


TO0KN 
21. The gearing of a machine tool is shown in fig. below. The motor shaft is connected to 
a gear A and rotates at 975 r.p.m. The gear wheels B, C, D and E are fixed to 
parallel shafts rotating together. The final gear F is fixed on the output shaft. What 
is the speed of gear F? The number of teeth on each gear are as given below 
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[Ger [| A oT BOT Cc oT Up UT EE TF 
| No.ofTeeth {| 20 | 50 | 


— 
GC4 
a 3 
D 

Solution: 
Given: Na = 975 r.p.m.; Ta = 20; Tg = 50; Tc = 25; Tp = 75; Te = 26; Tr= 65 
Let, Ng = Speed of gear F i.e Last driven or follower 
We know that, 

Speed of the firstdriver _ Product of no. of teeths on drivens 

Speed of the last driven _ Product of no. of teeth on drivers 


Na 50X75 x 65- _ sae 
OeNe 20k 25006. 
Apis ie Be (Ans. ) 
ee 1675 RS ore Sa 
22, Fwe25-in. rods are pin-connected at D as shown. Knowing that B moves to the left 
with a constant velocity of 24 in./s, determine the angular velocity of each rod. 


i os spmar in 7.5 a|.~12 Seal iad 
Dimensians in in. 
Solution: 
Rod AB: Draw lines perpendicular to Vaand Vgto 
locate instantaneous center Cap: 
Vg = BCagWap * 
or, 24 = 20Wap 
Or, Wag = 1.2 rad/s ~ 
(Answer) 
Velocity of D: 
Vp = DCagwap 
= 12.5 x 1.2 = 15in/s (Ans. ) 
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na ade alo 


BUET MSc-2017 
Date: 
Exam Hall: BUET 


Strain stress diagram of steel. 

Schematic diagram of vapor absorption refrigeration cycle. 
Load factor, diversity factor, Capacity factor. 

Curve of slenderness ratio and buckling load. 

Answer: 


Buckling stress, N/mm? 


0 50 100 150 200 250 
Slenderness ratio 
wma E vier wore 300 N/mm 2 seamen 500 N/mm 2 


emt 600 N/mm 2 am 700 N/mm 2 


T-S diagram and block diagram of combined cycle power plant. 

B.H.P of an engine is x kw, thermal efficiency is y%. Find out mass flow rate of fuel 
if calorific value is 40,000. 

Length of steel rod xm, force acting on it is yN, and torque z N-m. 

A steam turbine operates on head of H, yn is x% and flow rate is y m°/s. Find out 
power. 

A pipe has a diameter of x cm and the flow rate is y m°/hr. Calculate Reynolds 
number based on the center line velocity of the pipe. 


10. Which one has better heat transfer 


(i) film vs drop wise- drop wise 
(ii) — Laminar vs turbulence- turbulence 
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12. 
13. 


14. 


15. 


16. 


17. 


18. 


19. 


. Write down which stress is prominent on the following 


(i) Leaf spring of a car- Tensile and compressive stress 

(ii) Helical compression spring- Shear/ torsional stress 
Write down the equation of LMTD for counter flow heat Exchanger with figure. 
A iron pipe of 85°C is dropped into a 25°C water. Calculate the final temperature 
of the mixture. Mass of water and density of iron given. 
Pitch diameter of a gear, pressure angle and developed R.P.M has given. Find 
driving force and separating force. 
Why case hardening is done in gear teeth? 
Answer: Case hardening creates a layer to make the tooth harden. It also resists wear 
and scoring caused by driction as gear teeth rub and wear against each other. 


P=To and 6 = a related math 
Altitude of an aeroplane, pressure, temperature and velocity given. Find the 
pressure acting on the nose of the plane. 


Graph of otto cycle efficiency vs compression ratio. Also show the specific heat 
ratio on it. 


2 4 6 8 0 12 
Compression Ratio r 


Differential form of energy, momentum and continuity equation for 2D steady state 
in reservoir fluid. 
Answer: Continuity cae 


(ut+v2)+(ek +p S)= 0 
Momentum Equation 


pe =~ (Pugs + evs) and 5° = — (pus + ever) 


ax ax ay dy ox ay 
Energy Equation 

OT Oqx “v) (=) du, av. 
Oey (ud - ve) = -( ax + ox T OT p ox + oy 
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20. Pilot tube related math 
21. Transducer related math 
22. Matching 


Somerfield No. — Journal Bearing 
Molding —Foundry 

Chain sprocket — flexible coupling 
Quick return mechanism — shaper m/c 
Gear cutting — milling m/c 


Bangladesh Agriculture Development Corporation (BADC) 
Post: AE (Mechanical) 
Time-4.00PM to 5.00 PM 
Date: 17.06.2016 
Courtesy: Amit Shor & 
Group Members ME JOB PREPARATION 


5. GAPS CHa We fee 

Os (DBAS (1) GAS () WHEE 
acHa wre fee 

ay oeeas oat ae (N) BIAS (A) BWAfocares 

1, CUM ITAA BIEL FBS 

WE OMG CN WEA UTE 

8, BCMA CHA Ue fe 

(P) COAT AfeT (2A) COAT WY (NCHA (I) HHA 

©. CRIA TATA Cai? 

(B) PTT PMT 07) TA CD) MPT 

. CBT TATE Sai? 

meshed (Sars On sired am) ayer 

9. CTT Arai SH 7 

(SB) WATS (A) WHT HAT ™ WMT BAIT (YI) WATS 

vy. Sacaror areator wre fas 

() WPS (2) FATAL On as (I) Areprfar 

&. TAC four aeTaToa wre fe 

(® fea wens x fas afage onfrste cm pens 

50, ora faa aIneTalfoa wre fe? 

(BH) WSS BMS (A) MSI AHITAA STNG (91) WIAA PHA (J) ARICA APS 


11. When Sagar............ me, I...... Cartoon (B) Has you ever played 
on TV (C) have you ever played 
(A) Calls/ Was watching (D) play you ever play 

(B) called/ was watching Synonyms 

(C) Have called/was watching 17. Meager 

(D) called/watch e (A) scanty 

12. It has been raining --------- four days (B) offensive 

(A) Since (C) tasty 


(B) with (D) darkness 
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(C) from 

(D) For 

13.1 wish] ........ the game this time 

(A) win 

(B)} could won 

(C) can win 

(D) could win 

14. The box of tissues --------- nearly empty 
(A) was 

(B) were 

(C) has 

(D) have 

1S WHEE Yo escisteeceneees coming from 
(A) you are 

(B) are you 

(C) do you 

(D) you do 

LG yieckevenamencertesieyes eaters football 

(A) did you ever played 

22.Faruk has x more marbles than sanwarhas 
and together they have a total of y marbles . 
which of the following represents the number 
of marbles that sanwar has? 

(A) (y-x)/2 

(B) y-x/2 

(C ) y/2-x 

(D) 2y-x 

23. if x books cost of TK 50 and y bodks cost 
of 80 each then the average cost in taka per 
book is equal to 

(A) (50x+80y)/xy 

(B) (5x+8y)/(.1x+.1Ly) 

(C ) (50x+80y)/130 

(D) none of these 

24. In a cases of 50 students 15 failed I 
maths, 15 failed in science and 2 failed in 
both subjects. How many students of the 
class passed in both math and science? 

(A) 27 

(B) 29 

(C ) 33 

(D) none 25.if a-b/3=1/3 and a+b/4=3/2 then 
(A) 2 
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18. Aggravate 
(A) Accommodate 
(B) acquire 

(C) worsen 

(D) harmony 
19. Malice 

(A) cruelty 

(B) beauty 

(C) compromise 
(D) Massive 

20. Futile 

(A) Hard 

(B) useless 

(C) pervert 

(D) furbish 


21. if b< 2 and 2x-3b=0 which of the 
following must be true? 

(A) x>3 

(B) x<2 

(C ) X=3 

(D) x<3 


26. The coxt of x numbers of pens is equal to 
the cost of (x+2)number of pencils. If per 
unit costs of pen and pencil are 10 and 8 Tk. 
Respectively, then x=? 

(A) 4 

(B) 6 

(C)8 

(D) none 

27. If 2x= 3(x-2) then 6x+3=? 

(A) 0 

(B) 6 

(C ) 39 

(D) none 

28. If n is the average (Arithmetic mean) of 
the three numbers 6,9, and K. What is the 
value of K interms of N? 

(A) 3n-15 

(B) n-5 

(C ) n-15 
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(B) 3 

(C)4 

(D) none 

31. “World health day” is observed on- 
(A) 1“ December 

(B) 1* april 

(C) 7" December 

(D) 7" April - 

32. who among the following has won the 
FIFA Ballon D’or award for 2015? 

(A) Lionel Messi 

(B) Cristiano Ronaldo 

(C) Franck Ribery 

(D) Batistuta 

33. The smallest country in the world is — 
(A) Maldives 

(B) Vatican City 

(C) Bolivia 

(D) Myanmer 

34. Which Bangadeshi architect designed the 
Sears tower in chicago 

(A) F.R khan 

(B) Khaleed Ashraf 

(C) Rafiq Azam 

(D) Luis I khan 

35.Which of the sea is also called the salt 
sea? 

(A) Bay of benga 

(B) Persian gulf 

(C) Caspian Sea 

(D) Dead sea 

36. The biggest desert of the world is- 
(A) Great Victoria 

(B) Sahara 

(c) Kalahari 

(D) Tabemas 

37. Where is the head office of UNESCO 
situated 

(A) Washinto D.C 

(B) Vienna 

49. Which part of the refrigerant system 
releases heat- Condenser 

50. What type of compressor is used in 
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(D) (n-15)/3 

29. If n= 15 x28 x26 which of the following 
is NOT an integer 

(A) n/15 

(B) n/21 

(C ) n/32 

(D) None of these 

30. When n is divided by 8 the remainder is 
5. Which of the following is NOT an even? 
(A) n+3 

(B) n-3 

(C) 3nt+1 

(D) 5n+2 

(C ) Paris 

(D) New York 

38. In which country “Elephant Pass” is 
situated 

(A) Burundi 

(B) Singapore 

(C ) Sri lanka 

(D) Thailand 

39. Which of the following minerals is found 
at Madyapara In dinajpur district? 

(A) Coal 

(B) White Clay 

(C ) Lime stone 

(D) Hard rock 

40. The country most affected by Zika Virus 
is 

(A) Canada 

(B) Brazil 

(C ) Nigeria 

(D) Ghana 

41.1 TR=3.521 KW 

42. Break line is used in which view- 
Isometric drawing 

43. Reynolds number is the ratio of inertia 
force and- viscous force 

44. In which law temperature remains 
constant- Boyle’s law 

45. Reciprocating motion is converted into 
rotary motion when it is connected with- 
Crank shaft 
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airplane-? Axial compressor and centrifugal 
51. Fluctuation above and below the mean 
speed is known as- 

52. In which stroke valve open 30 degree 
before at top dead centre and 50 degree 
before the bottom dead center- Expansion 
stroke 

53. Which one is correct for pelton wheel- 
high head, low flow rate . 

54. Two parallel and coplanar shaft are 
connecting by gears having teeth parallel — 
spur gear 

55.If the diameter of a pipe increases 2 times 
then what will be the flow velocity- 

56. A four stroke flywheel controls- speed 
57.For the same temperature and pressure 
which have better thermal efficiency- 

58. when dry bulb and wet bulb temperature 
equals- 

59. when bending moment becomes 
maximum- 

60. Which one is boiler accessories- 
Economiser 

61. Air preheater situates between — 
Economiser and chimney 
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46. F.H.P= I.H.P- B.H.P 

47. Relation between Cp and Cv- Cp>Cv 
48. Long and short column is determined by 
— Slenderness ratio 

62. Relation between power and COP in 
refrigeration cycle- Inverse 

63. Binary cycle mainly- 

64. Which type of boiler is perfect for high 
generation at low pressure- Lanchashire 
boiler 

65. Moment of inertia of solid body- 

66. Kelvin-planck states that- heat energy 
into work 

67. Which type of compressor /pump is used 
to lift crude oil- positive displacement pump 
68. Knocking- 

69. In centrifugal compressor fluid flows- 
perpendicular 
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ate Bangla (10)+English(10)+Math(20)= 40 Departmental- 60 
. The maximum frictional force which comes into play when a body just begins to slide 


11. 


12. 


over the surface of the other body is known as 
a) Static friction b) Dynamic friction c)Limiting friction | d)Co-efficient friction 


. Aself-locking machine efficiency — 


a) Less than 50% ___b) Greater than50% cc) Equal to50% dd) None of these 

If tension in the cable supporting a lift moving downwards is half the tension when it 
is moving upwards, the acceleration of the lift is — 
a) 9/2 bj) 9/3 c) 9/4 d)None of these 
The energy stored in a body when strained within elastic limit is known as 
a) Resilience b)Proofresilience c)Strainenergy §d)Impact energy 


\ 


. The strain energy stored in a spring when subjected to maximum load without 


suffering permanent distortion is known as- 

a) Impact energy b) Proof resilience c) Proof stress d) Modulus of 
resilience 

When a bad on the free end of a cantilever beam is increased, failure will occur- 

a) Atthe freeend  b) At the fixed end c) In the middle of the beam d) Ata 
distance 21/3 from free end 

A pressure vessel is said to be a thick shell, when- 

a) Itis made of thick sheets 

b) The internal pressure is high 

b) The ratio of wall thickness of the vessel to its diameter is less than 1/10 

c) The ratio of wall thickness of the vessel to its diameter is greater than 1/10 

The Rankine formula holds good for 

a) Short column b) Long column _c)Both short & long column d)Weak 
column 

If the depth of water in an open channel is greater than the critical depth the flow is 

called 

a) Critical flow b)Turbulent flow c)Tranquil flow d)Torrential flow 


. The impeller of a centrifugal pump may have 


a) Volute casing b) Volute casing with guide mechanism c) Vortex casing d)Any 
of these 

Which of the following pump is used to pump highly viscous fluid 

a) Centrifugal pump b) Reciprocating pump c) Air liftpump d)Screw pump 

The fittings mounted on the boiler for its proper and safe functioning is a 

a) Water level indicator b) Pressure gauge c) Safety valve d)Fusible plug 
Note: It contains all the correct options. 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


ZLs 


23. 


24. 


Pat 


26. 


pap 


28. 


29. 


30. 


The efficiency of a steam turbine may be improved by- 

a) Reheating of steam b) Regenerative feed heating c) Binary vapor ssl d) Any 
one of these 

The thermal efficiency of a petrol engine is almost 

a) 30% b)40% c)50% d) 60% 

A moderator is generally used in a nuclear power plant is 

a) Graphite b) Heavy water c) Concrete d) Graphite & concrete 

The overall co-efficient of heat transfer is used in problems of 

a) Conduction b) Convection c) Radiation d)Conduction & convection 

One ton of refrigeration (1TR) means that the heat removing capacity is 

a) 5Kcal/min b)50 Keal/min c) 100 Kcal/min d)150 Kcal/min 

The considerable property of a refrigerant is 

a) Non-toxic b)Non-flammable c)Non-explosive d)High boiling point 

The total number of instantious centers for a mechanism consisting of n lines are 

a) n/2 b)n c)n-l d)n(n-1)/2 

V belts are normally used for- 

a) Long drive b)Short drive c)Short & long drive d) None of these 

The size of a gear is normally specified by- 

a) Pressure angle b) Circular pitch cc) Diametral pitch d) Pitch circle diameter 

The minimum number of teeth on the pinion which will mesh with any gear without 

interface for 20 degree full depth involute teeth will be 

a) 12 b)14~ o¢)18 d) 24 

The helix angle for single helical gears ranges from 

a) 10to15 b)15to20 c)20t035 = d)35 to 50 

Ball bearings are usually made from 

a) Lowcarbon steel b) High speed steel _c) High carbon steel d)Chrome steel 

In a centrifugal casting method 

a) Core is made of sand b) Core is made of ferrous metal c) Core is made of non- 
ferrous metal d) No core is used 

Drilling is an example of 

a) Orthogonal cutting b)Oblique cutting c)Simple cutting d)Uniform cutting 

The process of removing metal by a cutter which is related against the direction of 

travel of work piece is called 

a) Up milling b) Downmilling c) Face milling d)End milling 

The efficiency of joule cycle is 

a) Greater than Carnot cycle b)Less than Carnot cycle —c) Equal to Carnot cycle 
d) None of these 

The gas in cooling chamber of a closed cycle gas turbine is cooled at- 

a) Constant volume b) Constant temperature c) Constant pressure 

b) None of these 

The fuel mostly used in cement industry and metallurgical process is- 

a) Wood charcoal b) Bituminous coke c) Pulverised coal d) Coke 
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31. The selection of type and size of a steam boiler depends upon- 
a) The power required & working pressure 
b) The geographical position of the power house 
c) Fuel and water availability 
d) All of these 
32. A spring used to absorb shocks and vibrations is 
a) Conicalspring b)torsion spring c)leafspring d) disc spring 
33. The columns whose slenderness ratio is less than 80, are known as 
a) Short column b)longcolumn  c) weak columns d) medium columns 
34. The stress developed in the material without any permanent set is called 
a) Elastic limit ) yield stress cc) ultimate stress d) breaking stress 
35. The cavitation in a hydraulic machine is mainly due to 
a) Low velocity b)high velocity c¢)low pressure d) high pressure 
36. The process used for relieving the internal stresses previously set up in the metal and 
for increasing the machinability of steel, is 
a) Normalizing — b) full annealing c) process annealing 
e) sheroidizing 


West Zone Power Distribution Company Limited 
Recruitment Test-2014 
Date: 28/02/2014, Venue: KUET 
1. Write down four differences between SI & Cl eneine. 


St Engine 


Cl Engine 
1. It is an engine in which heat of 
compressed air is used to burn the fuel. 


2. Petrol is used as fuel 2. Diesel is used as fuel. 
3. It operates on Otto cycle 3. It operates on Diesel cycle. 


1. It is an engine in which the spark is 
used to burn the fuel 


4. High compression ratio. 
5. High thermal efficiency 5. Less thermal efficiency. 


6. Spark plug is used to produce spark 6. Heat of compressed air is used for the 
iti ignition. 


for the ignition. 


2. Write down four differences between Shaper & Planer machine. 
Shaper Planer 

1. A Shaper is traditionally a small |1. A planer is a larger machine and can 

machine and preferred for smaller jobs. | accommodate heavier and larger jobs. Jobs 
as large as 7 meter wide and twice as long 
can be machined on a Planer. 
2. In a shaper, machine work is held | 2. In a planer machine, the tool is stationary 
stationary and the cutting tool on the | and work piece travels back and forth under 
ram is moved back and forth across the | the tool 
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3. The Shaper Machine uses Quick | 3. The Planer Machine is driven by means of 
Return Motion Mechanism to drive the | gear or hydraulic arrangement. 


4. Shaper Machine uses a single-point | 4. Planer Machine also uses a single-point 
cutting tool for the operation. cutting tool for the operation and more than 
one tool also can be used. 


3. Write down the ways of increasing efficiency of Gas Turbine. 

Efforts to improve the cycle efficiency are concentrated in three areas: 

1.Increasing the turbine inlet (or firing) temperature: The turbine inlet temperatures 
have increased steadily from about 540°C (1000°F) in the 1940s to 1425°C (2600°F) and 
even higher today. 

2.Increasing the efficiencies of turbo-machinery components (turbines, 
compressors): The advent of computers and advanced techniques for computer-aided 
design made it possible to design these components aerodynamically with minimal 
losses. 

3.Adding modifications to the basic cycle (intercooling, regeneration or 
recuperation, and reheating): The simple-cycle efficiencies of early gas turbines were 
practically doubled by incorporating intercooling, regeneration (or recuperation), and 
reheating. 

4. Write down four advantages of Gas Turbine over IC engine. 
Answer: (i) Increased reliability. 

(ii) longer mean times between overhaul. 

(111) higher airspeeds. 

(iv) Ease of operation at high altitudes. 

(v) high power to engine weight ratio. 

5. What is carburizing? 

Answer: Carburizing is a case-hardening process by which carbon is added to the surface of low- 
carbon steel. This results in carburized steel that has a high-carbon surface and a low-carbon interior. 
When the carburized steel is heat-treated, the case becomes hardened and the core remains soft and 
tough. 

6. What is plant capacity factor and diversity factor? 

Answer: 

Plant capacity factor: It is the ratio of actual energy produced to the maximum possible 
energy that could have been produced during a given period i.e. 

Plant capacity factor = Actual energy produced/ Max. energy that could have been produced 
= Average demandxT/ Plant capacity xT 

= Average demand/ Plant capacity 

Thus if the considered period is one year, 

Annual plant capacity factor = Annual kWh output/Plant capacity x 8760 

Diversity factor: The ratio of the sum of individual maximum demands to the maximum 
demand on power station is known as diversity factor i.e. 
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Diversity factor = Sum of individual max. demands/Max. demand on power station. 
7. Write down four major operations done by Lathe machine. 
Answer: Same as question-8 of Bangladesh Bank 2019 
8. What are the functions of (a) Hydrometer (b) Psychrometer (c) Rota meter (d) 
Anemometer. 
Answer: (a) Hydrometer: A hydrometer is an instrument used to determine specific gravity. 
It operates based on the Archimedes principle that a solid body displaces its own weight 
within a liquid in which it floats. Hydrometers can be divided into two general classes: 
liquids heavier than water and liquids lighter than water. 
(b) Psychrometer: A psychrometer or sling psychrometer is used to measure measures 
relative humidity or how much water is in the air. Two thermometers, one wrapped in wet 
material and the other dry, are placed next to each other. As the wet thermometer is dried off 
evaporative cooling happens. The measurement of the temperature difference between the 
two thermometers provides the dew point and relative humidity. 
(c) Rota meter: A device used to measure fluid flow, in which a float rises in a tapered 
vertical tube to a height dependent on the rate of flow through the tube. It is a variable area 
meter which works on the principle of upthurst force exerted by fluid and force of gravity. 
(d) Anemometer: An anemometer is an instrument that measures wind speed. This type of 
anemometer has a spinning wheel. The stronger the wind blows, the faster the wheel rotates. 
The anemometer counts the number of rotations, which is used to calculate wind speed. 
9. Write down the functions of governor and flywheel. 
Governor: A governor, or speed limiter or controller, is a device used to measure and 
regulate the speed of a machine, such as an engine. To regulate the mean speed of an engine, 
when there are variations in the load e.g. when the load on an engine increases, its speed 
decreases, therefore it becomes necessary to increase the supply of working fluid. 
Flywheel: A flywheel is a mechanical device specifically designed to efficiently store 
rotational energy. Its resist changes in rotational speed by their moment of inertia. A flywheel 
is nothing but a heavy rotating disc attached to a shaft. It rotates along with the shaft. ‘The 
flywheel only reduces the fluctuation of speed. It does not maintain the constant speed. The 
flywheel cannot be used to regulate the speed variation caused by the varying load. 
10. What are the functions of Management? 
Answer: Basic functions of management are planning, organizing, staffing, directing and 
controlling. 
11. Write down four methods of Power Transmission. 
Answer: Belt Drive, Rope Drive, Chain Drive and Gear Drive. 
12. How to transfer power from engine to wheel in Automobile? 
Answer: Different types of automobile has different transmission system. 
Engine—»Clutch—>Gear box— propeller shaft—Differential—Half shafts. 

or 
Engine —Clutch—Gear train— propeller shaft—Differential—> Rear axle—rear wheels. 
The above power flow is for Front engine rear wheel drive . 
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~ 13. Write down various types of power plant present in Bangladesh. 

Answer: (a) Combined cycle power plant, (b) Gas turbine based, (c) Engine (gas, diesel, 
HFO) based, (d) Steam turbine power plant, (e) Hydro power plant, (f) Coal based power 
plant, (g) HSD based power plant, (i) Solar based power plant. 

14. Why does need to govern Steam Turbine? 

Answer: Steam turbine governing is the procedure of controlling the flow rate of steam into 
a steam turbine so as to maintain its speed of rotation as constant. The variation in load 
during the operation of a steam’ turbine can have a significant impact on its performance. In a 
practical situation the load frequently varies from the designed or economic load and thus 
there always exists a considerable deviation from the desired performance of the turbine. The 
primary objective in the steam turbine operation is to maintain a constant speed of rotation 
irrespective of the varying load. This can be achieved by means ofgoverningin a steam 
turbine. 

15. What is tone of Refrigeration? 

Answer: Discussed at previous year Job solutions. 

16. What is priming? Why it is necessary? 

Answer: Priming of a centrifugal pump is defined as the operation in which the suction pipe, 
casing of the pump and a portion of the delivery pipe upto the delivery valve is completely 
filled up from outside source with the liquid to be raised by the pump before starting the 
pump. Thus the air from these parts of the pump is removed and these parts are filled with 
the liquid to be pumped. When the pump is running in air, the head generated is in terms of 
metre of air. If the pump is primed with water, the head generated is same metre of water. 
But as the density of air is very low, the generated head of air in terms of equivalent metre of 
water head is negligible and hence the water may not be sucked from the pump. To avoid this 
difficulty, priming is necessary. 


Titas Gas Transmission and Distribution Company Limited- 2008 
Venue: MIST 


1. What is Nusselts Number? 

Answer: Page-9, North West Power Generation Company Limited (NWPGCL)-2015 

2. What is Centrifugal pump and write the different parts of the Centrifugal pump. 
Answer: If the mechanical energy is converted into pressure energy by means of centrifugal 
force acting on fluid, the hydraulic machine is called centrifugal pump. 

The centrifugal pump acts as a reversed of an inward saa flow reaction turbine. 

Main parts of centrifugal pump: 
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A- Stuffing Box 

B- Packing 

C- Shaft 

D- Shatt Sleeve 

E- Vane 

F- Casing 

G- eve of Impeller 
H- Impeller 

I- Casing wear'ring 
J- Impeller 

K- Discharge nozzle 


3. Write the second Law of Thermodynamics with Example. 

Answer: Question-1, West Zone Power Distribution Company Ltd. (WZPDCL)-2016 
Example: Refrigerator, heat pump etc. 

4, What is Carnot Cycle? » 

Answer: The best known reversible cycle is the Carnot cycle. The Carnot cycle is composed 
of four reversible processes (two isothermal and two adiabatic) and it can be executed either 
in a closed or a steady-flow system. 


1-2 Reversible isothermal expansion 


2-3 Reversible adiabatic expansion » Taj? 
. * ‘ . a Se =Ceo - 
3-4 Reversible isothermal compression i 
4-1 Reversible adiabatic compression “Of 
Z Bo. i - 


Fig.: P-V Diagram of Carnot Cycle 
5. What is closed cycle Gas turbine and draw the, P-V diagram and T-S Diagram of 
Closed cycle gas turbine? 
Answer: Question-45, B-R Powergen Ltd-2019 
6. What is VVTI? 
Answer: VVT-I (Variable valve timing with intelligence): 
VVT-I is an automobile variable valve timing technology developed by Toyota. It varies the 
timing of the intake valves by adjusting the relationship between the camshaft drive (belt or 
chain) and intake camshaft. 
7, What is Reynolds Number? What is the significant of Reynolds Number? 
Answer: Question-24, North West Power Generation Company Limited (NWPGCL)-2015 
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8. Difference between pump, compressor, blower and fan. 
Answer: Same as Question 5, West Zone Power Distribution Company Ltd. (WZPDCL)- 
2016 
9. What is volumetric efficiency? 
Answer: Volumetric Efficiency: It is the ratio of the volume of air inducted at ambient 
conditions to the swept volume of the engine. 
Volume of charge aspirated per stroke at ambient conditions 

We Stroke volume 
10. What is Ton of Refrigeration? 
Answer: Discussed at previous year Job solutions. 


Dhaka Water Supply And Sewerage Authority-2008 


1. Find highest possible theoretical efficiency of heat engine, the temp of heat reservoir 
is 2100° C and cooling water 15° C. 
means. 


ee ee ok ee ; 
n=1 7 = TO werT ta 87.86% (Answer) 


2. A compressor air tank volume 0. 84m’, Fill with air gauge pressure 50KPa. Find the 
density & weight of air, assume the temperature of air 30°C and atmospheric pressure 
101KPa. : 

Solution: 

Absolute pressure, P = 101 + 50 = 151KPa,T = 30 + 273 = 303K, V = 0.84m? 


P _ 151x1000 _ 3 
RT 287x303 Ee RORE EM 


Weight of air,m = pV = 1.736 x 0.84 = 1.458kg (Answer) 
3. Why air vessel is used in reciprocating pump. 
Answer: The vessels ‘are used for the following purposes: 
(a) To get continuous supply of liquid at a uniform rate. 
(b) To save the power required to drive the pump. This is due to the fact that by using air 
vessels, the acceleration and friction heads are reduced. Thus the work is also reduced. 
4. A tube filled with a fluid of sp. Gravity 0.9, depth 120cm.Find the pressure at the 
depth in kw/m?. 
‘Solution: We get, 
P = pgh = 0.9 x 1000 x 9.81 x 1.2 = 10594.8Pa (Answe~) 
5. Why priming is need in centrifugal pump? 
6. Draw Otto cycle in P-V & T-S diagram. 
7. Draw a characteristic curve of centrifugal pump. 
8. Describe the process of cooling & dehumidification in psychometric chart / Air 
conditioning system. 
9. In vapor-compression refrigeration cycle draw T-s and p-h diagram. 
{Answer of the questions 5,6,7,8 & 9 are already discussed in other exam solutions] 


We get, p = 
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Bangladesh Sugar & Food Industries Corporation-2008 


1. Define water tube and fire tube boiler. 

2. Difference between sensible heat and latent heat. 

Answer: 

Sensible Heat: Sensible heat is the energy transferred as heat that will change the 

temperature of a substance with no change of phase. The sensible heat of a thermodynamic 

process may be calculated by the equation- 

Qsensible = mSAT ; Where, m = body’s mass; s = specific heat capacity and AT = change in 

Temperature. ; 

Latent Heat: The heat which brings about a change of state with no change in temperature is 

called latent heat. For ice melting 335 KJ/kg and For vaporization 2257 KJ/kg 

3. Difference between shaper & planner machine. 

Answer: Question-2, West Zone Power Distribution Company Limited-2014 

4. Convert 1kg/em’ to Ib/ft’. 

Solution: 1kg/cm? = 2048.2 lb/ft” 

5. Difference between impulse &reaction turbine. 

Answer: 

In an impulse turbine, the steam flows | In the reaction turbine, first, the steam flows 

through the nozzle and strike on the moving | through the guide mechanism and then 
flows through the moving blades. 


Steam strikes on the buckets with kinetic | The steam glides over the moving blades 
energy. with both pressure and kinetic energy. 


During the flow of steam through moving | During the flow of steam through moving 
blades, its pressure remains constant. blades its pressure reduces. 


The steam may or may not be admitted to | The steam must be admitted over the whole 
the whole circumference. circumference. 


The blades of impulse turbine are |The blades of reaction turbine are not 

symmetrical. symmetrical. 

While gliding over the blades the relative | In reaction turbine, while gliding over the 

velocity of steam remains constant. blades the relative velocity of steam 
increases. 


of stages required is less. of stages required is more. 
direction of turbine wheel axial to the turbine wheel 


It requires less maintenance work It requires more maintenance work. 


It is suitable for low discharge. It is suitable for medium and high discharge. 


Pelton Wheel is the example of impulse | Francis turbine, Kaplan turbine etc. are the 
turbine. examples of reaction turbine. 
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6. Difference between motor and generator. 
Answer: 


Generator 

1. Generators convert mechanical energy into 
into mechanical energy. electrical energy. 

2. Fleming’s right-hand rule is followed to 
know the direction of motion. know the direction of produced electricity. 

3. In generators armature windings produce 
armature windings. current. 
4. The electric motor gives outback emfto | 4. The generator gives emf to the load 


5. Application: Automobiles, elevators, 5. Application: In power supply chains in 
fans, pumps, etc. industries, testing purposes in the laboratory, 
general lighting, powering of batteries, etc. 


7. Draw a gear and specify addendum & dedendum. 
Answer: 


Addendum 


Tooth 


thickness Zs 
Dedendum S = 

| eee eae Fics a Asso 

$a = PE oe 
Crratencen < Fillet Radius 9? ~? ~-2 > 


Dedendum a 


bn 
z Clearence 
Circle 


Circle 


8. Draw a stud bolt & specify them. 


Thread length Thread length 

| Pp —~———f 

‘me cee Ba 

ae ) 
i> 
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9. Write the meanings- RAM, BITAC, ICDDRB, WTO and ANZUS. 

Answer: 

RAM- Random Access Memory 

BITAC- Bangladesh Industrial Technical Assistance Center 

ICCDDRB- International Centre for Diarrheal Disease Research, Bangladesh 

WTO- World Trade Organization 

ANZUS- The Australia, New Zealand and United States Security Treaty (agreement signed 
in 1951 to protect the security of the pacific) 


. 


Bangladesh Water Development Board (BWDB)- 2008 


1. Draw a block diagram & p-h diagram of vapor-compression refrigeration cycle with 
reheating but not sub cooling. 
Answer: 


Temperature ——» 


—— Pressure ——» 


i 
f] 
' 
t 
ae 
1 ‘ A 
superheating Superheatin:, 
1 ‘ 


Perera 


hig = hy hy he 
—— Enthalpy ——»~ 


— Entropy —- 


2. Draw a p-v & T-S diagram of diesel engine. 
3. Draw a stress-strain diagram for mild steel. 
4. KW/Ton=3.5/COP. Find Power in watt. 
[Already discussed] 
5. A spring deflection 10mm & the stiffness constant 50 KN/m. Find the free: 
Solution: F = 6x 
=> F = 50x0.01= 0.5KN (Answer) 
6. Given discharge =20m*/sec. Head=30m ,motor efficiency=90%. Find power in KW. 
7. At the same speed rpm =..... which is the maximum torque produced a hollow shaft 
(Do=2Di) and a solid shaft. Prove that..... 
[6,7 has insufficient data] 
River Research Institute-2008 
1. Draw p-v diagram of Otto & diesel cycle. 
2. What is the function of economizer & safety valve? 
Answer: Question-8, Power Development Board (PDB)-2010 
3. Define cop of refrigeration & higher heating value. 
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Answer: Higher Heating/calorific value: Higher calorific value of a fuel portion is defined 
as the amount of heat evolved when a unit weight (or volume in the case of gaseous fuels) of 
the fuel is completely burnt and the products of combustion cooled to the normal conditions 
(with water vapor condensed as a result). 

4. Write a 2nd law of thermodynamics. 

5. Draw a characteristics curve of centrifugal pump. 

6. Write a Bernoulli equation for ideal & real fluid. 

7. Draw stress strain diagram for ductile material. 

8. A point load applied on the middle of the simply supported beam. Draw SFD & 
BMD. Find their maximum value. 

[All other questions are discussed in other job exam solutions] 


Bangladesh Export Processing Zones Authority-2008 — 


1. Define boiler. What is the difference between water and fire tube boiler. 

Answer: A steam generator or boiler is usually a closed vessel made of steel. Its function is 
to transfer the heat produced by the combustion of fuel to water and ultimately to generate 
steam. [Rest part of the question is discussesd at others job solution] 

2. Write a short note: pressure gauge, fuel pump, spark plug, duel fuel and condenser. 
Answer: 

Pressure Gauge: 

Pressure gauge is the instrument for measuring the condition of a fluid (liquid or gas) that is 
specified by the force that the fluid would exert, when at rest, on a unit area. Gauge pressure 
is the pressure above the atmospheric pressure. Pgauge = Pabsotute — Patmospheric: Bourdon tube 
pressure gauges are the most common type in many areas and are used to measure medium to 
high pressures. They cover measuring spans from 600 mbar to 4,000 bar. The measuring 
element is a curved tube with a circular, spiral or coiled shape, commonly called a bourdon 
tube. : 


ASB 


Sector 4 


Bourdan Tube Pressure Gauge 


QB-142 Job Solution 


Fuel pump: The main object of a fuel pump in a diesel engine is to deliver a fuel to the 
injector which sprays the finely divided particles of the suitable for rapid combustion. The 
simplified of a fuel pump is shown in Fig.(a). It consists of a plunger which moves up and 
down in the barrel by the cam and spring arrangement provided for pushing and lowering the 
plunger respectively. The fuel oil is highly filtered by means of felt-pack filter before 
entering the barrel of the pump. 

The upper end part of the plunger is cut away in a helix shaped piece forming a groove 
between the plunger and barrel, which is the most important one. Therefore, the amount of 
fuel delivered and injected into the engine cylinder depends upon the rotary position of the 
plunger in the barrel. Fig. (b) and (c) shows how the top part of the plunger is designed so 
that the correct amount of fuel is delivered to the injector. 


(a) Fucl pump. (b) Beginning of stroke. (c) End of stroke. 
When the plunger is at the bottom of its stroke as shown (b), the fuel enters the barrel 
through the port. As the plunger rises, it forces this fuel up into the injector, until the upper 
part cut away comes opposite the sill port. Then the fuel escapes down the groove and out 
through the sill port so that injection ceases, as shown in Fig. (c). The plunger can be made to 
rotate in the barrel and therefore more fuel is injected. When the plunger is rotated so that the 
groove is opposite to the sill port, no fuel at all is injected and thus the engine stops. 
Spark plug: 
It is always screwed into the cylinder head for igniting the charge of petrol engines. It is 
usually, design to with stand a pressure up to 35 bars and operate under a current of 10000 to 
30000 volts. A spark plug consists of central porcelain insulator containing an axial electrode 
length wise and ground electrode welled to it. The central electrode has an external contact at 
the top. 


Terminat 


Insutator 


Central 
electrode 
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Duel Fuel: 
The dual-fuel engine works on diesel cycle. The gaseous fuel (the primary fuel) is added to 
the air inducted by the engine or supplied by the supercharger at a pressure slightly above the 
atmospheric pressure. This mixture of air and gaseous fuel is compressed in the cylinder just 
like air in normal diesel operation. At some point in the compression stroke, near top dead 
center, a small charge of liquid fuel called pilot fuel (or the secondary fuel) is injected 
through a conventional diesel fuel system. This pilot acts as a source of ignition the gas-air 
mixture in the vicinity of the injected spray ignites at a number of flame-fronts. Thus 
combustion stars smoothly and rapidly. 
3. Define fuel. List the merits and demerits of liquid fuel over solid fuel. 
Fuel: A fuel is defined as any substance used to produce heat or power by combustion. Any 
chemical process accompanied by the evolution of light and heat is called combustion. It is 
simply the reaction of substances with oxygen and converts chemical energy into heat and 
light. 
Following are the merits and demerits of liquid fuels over Solid Fuel: 
Merits: 1. Higher Calorific value. 2. Lower storage capacity required. 3. Better economy in 
handling. 4. Better control of consumption by using valves. 5. Practically no ashes. 6. Non- 
deterioration in storage. 7. Non-corrosion of boiler plants. 8. Higher efficiency. 
Demerits: 1. Higher cost 2. Greater risk of fire. 3. Costly containers are required for storage 
and transport. 
4. What is the difference between petrol & diesel fuel? 
Answer: 
1. Petrol is made of a mix of alkanes and cycloalkanes with a chain length of between 5-12 
carbon atoms. These boil between 40°C and 205°C. Gas oil or Diesel is made alkanes 
containing 12 or more carbon atoms. These have a boiling point between 250°C and 350°C, 
2. Per litre, diesel contains more energy than petrol and the vehicle’s engine combustion 
process is more efficient, adding up to higher fuel efficiency and lower CO? emissions when 
using diesel. 
5. What is the cooling system of I.C. engine? What is the difference between air cooling 
and water cooling? 
Answer: An IC engine cooling system is the supply and collection of coolants which sole 
purpose is to remove the excess heat from the engine and maintain the engine's temperature 
at optimal levels. Comprising many different components such as water pump, coolant, a 
thermostat etc. the system enables smooth and efficient functioning of the engine at the same 
time protecting it from damage. 
Air Cooling system 
1. The design of this system is simple and | 1. The design of this system is complicated 
less costly. and more costly. 
2. The weight of the cooling system per | 2. The weight of the cooling system per 
BHP of the engine is very less. BHP of the engine is much more. 
3. The fuel comsumption is more. 3. The fuel comsumption is less. 
4. Its installation and maintenance are very | 4. Its installation and maintenance are very 
easy and less costly. difficult and more costly. 
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5. There is no danger of leakage or freezing | 5. There is a danger of leakage or freezing 
of the coolant. of the coolant. 


6. It works smoothly and continuously. | 6. If it fails, the system may cause serious 
Moreover, it does not depent on any | damage to the engine within a short time.Cl 
coolant. 
6. What is the difference between IC engine and SI engine? 

Answer: Question-1, West Zone Power Distribution Company Limited 

7. What is gas turbine? What is the difference between gas turbine and steam turbine? 
Answer: The gas turbine is a rotating type prime mover which converts the heat energy of 
gas/air (at high pressure and temperature) into mechanical work. The principle of operation is 
based on Newton’s Second Law of Motion. The motive power is obtained from the change in 
momentum of high-velocity jet impinge on curved blades of the turbine. A simple as turbine 


2. In the gas turbine, the compressor and 2. In the steam turbine, the steam boiler and 
combustion chamber are important accessories are important components. 


components. 


8. List advantage and dis advantage of 2 stroke cycle engine over 4 stroke cycle engine. 
Answer: Question-1, armfre &fyasret (BPSC) 

9. What is the efficiency of steam engine? What is the difference between mechanical 
efficiency & overall efficiency? 
Answer: Efficiency of Steam Engine: Efficiency of steam engine is defined as the ratio of 
work done to the energy supplied to an engine.In this page, we will discuss different 
efficiency of steam engine and efficiency calculation of steam engine. 


Mechanical Efficiency: Mechanical efficiency of steam engine is the ratio of break 
power(B.P.) to the indicated power(I.P.).It is expressed as: Nm = = 


Overall Efficiency: Overall efficiency of steam engine is the ratio of the work obtained at 
the crank shaft in a given time to the energy supplied by fuel during the same time. 

Let, mr = Mass of fuel burnt in kg per hour, and 

C = Calorific value of fuel in kJ/kg of fuel. 


_ BP x 3600 
Tm = mp XC 
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Bangladesh Army-2008 


1. Comparison between work and heat. 

Answer: 

- Heat is energy interaction due to temperature difference. Work is energy interaction by 
reasons other than temperature difference. _ 

- Heat is low grade energy while work is high grade energy. 

- Heat is function of state because it is depend on state of system while work is function of 
path because it is depend on path taken by system while changing state. 

- Efficiency of transfer of work to heat is higher but efficiency of transfer of heat to work. 

2. Comparison between Quenching and Annealing. 

Answer: Annealing consists of heating a metal to a specific temperature, holding it at that 
temperature for a set length of time, and then cooling the metal to room temperature. The 
cooling method depends on the metal and the properties desired. Some metals are furnace- 
cooled, and others are cooled by burying them in ashes, lime, or other insulating materials. 
Quenching is the procedure used for cooling metal rapidly in oil, water, brine, or some other 
medium. Because most metals are cooled rapidly during the hardening process, quenching is 
usually associated with hardening; however, quenching does not always result in an increase 
in hardness; for example, to anneal copper, you usually quench it in water. Other metals, 
such as air-hardened steels, are cooled at a relatively slow rate for hardening. 

3. Draw T-S diagram for SI engine. 

4. Comparison between clutch and coupling. 

Answer: 

A clutch is a mechanical device which engages and disengages power transmission especially 
from driving shaft to driven shaft. In these devices, one shaft is typically attached to an 
engine or other power unit (the driving member), while the other shaft (the driven member) 
provides output power for work. So, clutch provides a temporary connection between driver 
and driven shaft. 

A coupling is a device used to connect two shafts together at their ends for the purpos¢ of 
transmitting power. Couplings do not normally allow disconnection of shafts during 
operation, however there are torque limiting couplings which can slip or disconnect when 
some torque limit is exceeded. Coupling provides a permanent connection between the two 
shafts. 

5. Comparison between SI and CI engine. 


6. In a synchronize machine no of pole = 4 & frequency = 50 Hz, what will be speed? 


Solution: N = “ = — = 1500 rpm (Answer) 


7, What is impulse and reaction turbine? 

Answer: 

Impulse Turbine: In an impulse turbine, the steam flows through the nozzle and strike on 
the moving blades. In an impulse turbine, the steam flows through the nozzle and strike on 
the moving blades. Steam strikes on the buckets with kinetic energy. During the flow of 
steam through moving blades, its pressure remains constant. 
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Reaction Turbine: In the reaction turbine, first, the steam flows through the guide 
mechanism and then flows through the moving blades. The steam glides over the moving 
blades with both pressure and kinetic energy. During the flow of steam through moving 
blades its pressure reduces. 

8. What is cetane & Octane Number? 

ctane Number: Octane number is defined as the percentage, by volume, of iso-octane in the 
mixture of iso-octane and h-heptane. It is the measure of rating of SI engine. 

Cetane Number: Cetane number is defined as the percentage, by volume, of n-cetane in the 
mixture of n-cetane and alpha methyl naphthalene. It is the measure of rating of CI engine. 

9, Mention present requirement and production of electricity. 

Answer: Please visit: www.bpdb.gov.bd because this informanation is changeable time to 
time. 

10. Name boiler accessories. 

Answer: Already discussed in several job solution. 


Bangladesh Air Force- 08 


1. Motion of wheel is purely --------- (rotational) 
2. When two elastic bodies collide with other ------ all. 
3. Euler column is valid for only ------ (long) column. 


4. In cantilever beam load is ----- 

5. Ductility of material--- 

6. Reynolds number= Inertia force/ Viscous force 

7. A body is subjected to three mutually perpendicular stresses is known as Bulk modulus. 
8. A perfect black body absorbs the radiations ----all wave length falling on it. 
9. Stefan Boltzman formula related math. 

10. 1 ton= 210 Kj/min 

11. Bsfc related math 

12. Q= AV related math 

13. Pitot tube related math 

14. Reynolds Number related math 

15. Shaft related problem with maximum shear stress theory. 


Bangladesh Ordinance Factory (BOF) 
Time: 2016 


1. Write two statements of 2nd law of thermodynamics. 

2. Write the differences between fan, blower and compressor. 

3. Notes on: Octane and Cetane number. 

[All questions are discussed already] 

4. Difference between engineering and true stress strain diagram. 

Answer: The difference between the engineering stress 6 = P/Ao and the true stress 0= P/A 
becomes apparent in ductile materials after yield has started. While the engineering stress 0, 
which is directly proportional to the load P, decreases with P during the necking phase, the 
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true stress o,, which is proportional to P but also inversely proportional to A, keeps 
increasing until rupture of the specimen occurs. 


True O;r— € 


Engineering o -¢ 


True Stress,-o; 


Necking occurs at Gn 


Engineering Stress, 6 


Engineering Strain, e 


. True Strain, & 

5, Difference between fire and water tube boiler. 
6. Why cavitation occurs in centrifugal pump but not in displacement pump. 

Answer: Cavitation is production of vapor phase of liquid when the pressure within the flow 
goes so low it approaches vapor pressure. 

So, it is ‘boiling’ of liquid due to immense pressure drop rather than heat addition 
considering the mechanism of formation, cavitation cannot happen just by low pressure 
(although that is a necessary condition). Inception of cavitation in a multi-component liquid 
at pressures near vapor pressure requires presence of nuclei which contain vapor, air or both. © 
Cavitation occurs when these nuclei become unstable and aid to sudden localized flow 
instability. Since centrifugal pumps operation is based on use of hydrofoils, this phenomenon 
of unstable nuclei happens in this case only. 

The major instability in centrifugal pumps can be due to one of the following causes: 

- Too high flow velocity for a given geometry leading to extreme turbulence over hydrofoil 

- Sharp edge hydrofoil (used to reduce drag but leads to early cavitation) 

-Turbulent shear flow (flow itself turbulent) __ 

- Other special cases like water entry cavity and bubble chambers. 
No doubt, positive displacement pumps do have nuclei but they are stable. And there stability 
is not aggravated since no such events occur in positive displacement pumps. 
7. What is homogenous charge engine? Write the advantage and disadvantage of rotary 
engine over reciprocating engine. 
Answer: HCCI is a form of internal combustion in which the fuel and air are compressed to 
the point of auto ignition. That means no spark is required to ignite the fuel/air mixture. It 
creates the same amount of power as a traditional engine, but uses less fuel. 
Advantages: 

|. higher revolutions per minute 
2. a very few moving parts 
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5, Difference between fire and water tube boiler. 

6. “Why cavitation occurs in centrifugal pump but not in displacement pump. 

Answer: Cavitation is production of vapor phase of liquid when the pressure within the flow 
goes so low it approaches vapor pressure. 

So, it is ‘boiling’ of liquid due to immense pressure drop rather than heat addition — 
considering the mechanism of formation, cavitation cannot happen just by low pressure 
(although that is a necessary condition). Inception of cavitation in a multi-component liquid 
at pressures near vapor pressure requires presence of nuclei which contain vapor, air or both. 
Cavitation occurs when these nuclei become unstable and aid to sudden localized flow 
instability. Since centrifugal pumps operation is based on use of hydrofoils, this phenomenon 
of unstable nuclei happens in this case only. 

The major instability in centrifugal pumps can be due to one of the following causes: 

- Too high flow velocity for a given geometry leading to extreme turbulence over hydrofoil 

- Sharp edge hydrofoil (used to reduce drag but leads to early cavitation) 

-Turbulent shear flow (flow itself turbulent) __ 

- Other special cases like water entry cavity and bubble chambers. 

No doubt, positive displacement pumps do have nuclei but they are stable. And there stability 
is not aggravated since no such events occur in positive displacement pumps. 

7. What is homogenous charge engine? Write the advantage and disadvantage of rotary 
engine over reciprocating engine. 
Answer: HCCI is a form of internal combustion in which the fuel and air are compressed to 
the point of auto ignition. That means no spark is required to ignite the fuel/air mixture. It 
creates the same amount of power as a traditional engine, but uses less fuel. 
Advantages: 

1. higher revolutions per minute 
2. avery few moving parts 
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3. approximately 1/3rd of the size of the piston engine 

4. weighs almost 1/3rd of the weight of the piston engines. 

5. Vibration less engine 

6. A high power rpm smooth with compact engine 

7. Quiet running 

8. Reliability 

9. Better fuel economy 

Disadvantages: 

1. As unburnt fuel is in the exhaust stream, emissions requirements are difficult to meet. 
2. The combustion is slow as the combustion chamber is long, thin, and moving. 

3. As each section has temperature differences, the material expansion of housing is different 
at different region. 

4. Poor fuel efficiency 

5. Exaust emissions 

6. Manufacturing cost highest 

7. Low compression ratio 


8. Mohr's circle. 

Answer: The transformation equations for plane stress can be represented in graphical form 
by a plot known as Mohr’s Circle. This graphical representation is extremely useful because 
it enables us to visualize the relationships between the normal and shear stresses acting on 
various inclined planes at a point in a stressed body. 

9, Explain: VTEC, EFI, ABS, DOHC, and ECM. 

Answer: VTEC (Variable valve timing and lift electronic control): VTEC is a system 
developed by Honda to improve the volumetric efficiency of a four-stroke internal 
combustion engine. The VTEC system uses two camshaft profiles and hydraulically selects 
between profiles. 

EFI (Electronic fuel injection): The Electronic Fuel Injection system fitted to most modern 
vehicles combines sophisticated computer controls with a high pressure fuel delivery system 
to provide optimum power and fuel efficiency. 

ABS (Anti-lock braking system): (ABS) is an automobile safety system that allows the 
wheels on a motor vehicle to maintain tractive contact with the road surface according to 
driver inputs while braking, preventing the wheels from locking up (ceasing rotation) and 
avoiding uncontrolled skidding. 

DOHC (Double overhead camshaft): A typical DOHC engine has two camshafts and 4 
valves per cylinder. One camshaft operates intake valves that are installed on one side; while 
another camshaft controls exhaust valves on the opposite side. Most modern cars have 
DOHC engines. 

ECM (Electronic Control module): Electronic control module is the computer responsible 
for providing fuel to the engine and controlling the quality of engine’s emissions. The ECM 
uses a microprocessor and software to analyze and respond to the input values from an array 
of sensors. 

(Including Bangla, English and General Knowledge) 
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DRY Dock Ctg.-2010 


1. Draw the T-S diagram of reversible Rankine cycle. 

2. Draw moment diagram 

3. Draw a simple gear train with three gears. 

4. What is LMFBR of nuclear power plant? 

1. What is LMFBR of nuclear power plant? 

A liquid metal fast breeder reactor (LMFBR) is a nuclear reactor capable of producing more 
fissile product than it takes in. Breeders exhibit remarkable fuel economy compared to light 
water reactors. 

Liquid metal use in fast breeder reactors has long been considered for the improvement of 
efficiency in their heat transfer systems. 

5. What is Bernoulli’s equation? 

According to Bernoulli’s theorem, the sum of pressure energy, kinetic energy and potential 
energy per unit mass of an incompressible, non-viscous fluid in a streamlined flow remains 
constant. i.e. Pressure energy + kinetic energy + potential energy = constant 


Pp ve 
—+—+2Z= constant 
pg 2g 


6. Abbreviation TIG, MIG, DSS, EDM, ILO, WHO, CBA. 

TIG- Tungsten Inert Gas 

MIG- Metal Inert Gas 

DSS- Department of Social Security 

EDM- Electronic Dance Music 

ILO- International Labor Organization 

WHO- World Health Organization 

CBA- Commonwealth Broadcasting Association 

7. What is nitriding process? 

Nitriding is a heat treating process that diffuses nitrogen into the surface of a metal to create 
a case hardened surface. These processes are most commonly used on low carbon, low alloy 
steels. They are also used on medium and high carbon steels, titanium, aluminum and 
molybdenum. 

8. List of different types of welding joint done at ships. 

Butt joint, corner joint, tee joint, lap joint and edge joint. 

9. Paragraph about “Safety Management”. 

Safety management is managing business activities and applying principles, framework, 
processes to help prevent accidents, injuries and to minimize other risk. 

Safety management is commonly understood as applying a set of principles, framework, 
processes and measures to prevent accidents, injuries and other adverse consequences that 
may be caused by using a service or a product. It is that function which exists to assist 
managers in better discharging their responsibilities for operational system design and 
implementation through either the prediction of systems. 

10. Heat transferred at a metal of 80 kg raised its temperature from 300 to 1265 K, 
specific heat of metal 0.49 KJ/kg K. What is the heat supplied? 
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Solution: 

Q = mC, AT = 80 x 0.49 x (1265 — 300) = 37828KJ 

11. Diameter of impeller is 80 mm. Jet velocity 20 m/s. What is exerted force by 1 
Solution: 

F = pAV2 = 1000 x = (80 x 1073)? x 20? = 2010.62N 

12. Jet from nozzle at a aes of 36 m/s. What is the velocity head? 


Solution: Velocity head = ia ont 66.05m 


13. Water delivered to service tank at rate of 1.15 m°/s from a reservoir 300 m above by 
a 3200 mm long pipe. What is the pipe diameter? 

14. The piston of a steam engine moves with simple harmonic motion. The crank rotates 
at 120 r.p.m. with a stroke of 2 metres. Find the velocity of the piston, when it is at a 
distance of 0.75 metre from the centre. 

Solution: Here, N = 120 r.p.m. or m = 22x120/60 = 4x rad/s ; 2r=2 morr=1m;x=0.75m 
We know that velocity of the piston, 


V = wvré — x? = 4nv12 — 0.752 = 8.31m/s (Answer) 


Sylhet Gas Fields Limited (SGFL)-2010 


1. Draw the stress and strain diagram for mild steel showing the ultimate strength, 
breaking strength, yield strength on it. 

2. A concentrated or point load p act on the simply supported beam. 

3. A steel rod of 1 cm’ in area and 1 cm in length pulled by 2000 kg where E= 200 GPa. 
Find the elongation. 

Answer: Question-3, Gas Transmission Company Ltd. (GTCL 2010) 

4. State the Bernoulli’s equation for real fluid and ideal fluid. 

5. Draw the characteristic curve of centrifugal pump. 

6. A centrifugal pump having capacity 0.02 cusec can lift water at height at 100 ft. If the 
efficiency is 62%, find HP. 

7. A refrigerating plant can produce 100 tons in 24 hrs. Its specific heat 4.2 kJ/kg 
maintained temperature 0°c. Find the cooling capacity of refrigeration. 

8. How can you identify a petrol and diesel engine? 

Answer: Question-10, Power Development Board (PDB)-2010. 

9. Write the functions of economizer and safety valve of a steam boiler. 

[All the questions are similar to Power Development Board (PDB)-2010. | 


Jalalabad Gas T&D System-2010 


1. Convert the absolute pressure of vacuum pressure 10 mm of mercury into N/m’ 
taking 10.3 m of water as atmospheric pressure. 


Solution: P = — x 101325 = 1333.22N/m? 
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2. If a furnace wall of 200 mm of heat capacity 310 w/m'c is insulated with 30 mm of 
brick having capacity 20 w/m’°c temperature is 980 °c and outer most per square area of 
the furnace. 

3. Draw the temperature profile for a parallel flow, counter flow heat exchanger. 

4. A vapour compressor refrigerator having a cooling capacity of 8 tonnes. Find the 
power required. 

Solution: _ 

COP = Refrigeration effect 


Power input ; ; 
or, Power input = oe = = ~~ {Data insufficient] 
5. What is the physical significance of Reynolds and Nusselts no. 
6. A cylinder having diameter 200 mm and thickness 50 mm is subjected to normal 
pressure 150 KPa. What should be the external pressure? 


7. Draw the BHP vs BSFC curve when the ICE under testing. 
0.7 


BHP 


8. What is Euler’s formula for column of hinged ends and when a column is subjected 


to 986 N bucking loads? Find EI. 


*E! For both end hinged,C = 1 - Py = ="3 ; 


PalZ ; 
~ El = = 99.91 
WT 


9. What are the types of gear and write at least 1 application of them. 
Solution: Same as question-1 Power Grid Company of Bangladesh (PGCB)-2015 
10. Draw top and front view of the following object. 


11. Draw the P-V and T-S of air standard Joule Brayton cycle. 
T 


Solution: Euler’s formula, P.. = Ce 


P, = P, ee ipsa 


| a Te 4 


v 
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12. Abbreviation (a) SAPTA (b) GAT (c) VSAT 

Answer: SAPTA- South Asian Preferential Trade Agreement 
GAT- Guidance Automation Toolkit 

VSAT- Very Small Aperture Terminal 


Bangladesh Council of Scientific and Industrial Research (BCSIR-2011) 


1. Draw front view and sectional view of the following object. 

2. Differentiate between beam and column. 

3. Show four types of beam using schematic diagram. 

4. Name of four types of gear with one specific application of each types. 

5. What is meant by boiler capacity of 3 ton/hr. and 100 °e comment on the actual 
capacity of a boiler? 

6. What is steam turbine? Draw a block diagram of the power system where steam 
turbine is used. 

7. Draw a block diagram of the power cycle where a gas turbine is used. 

8. Distinguish between CIE & SIE. 

9, What is bsfc? How is it related with engine load? 

Answer: It is defined as the amount of fuel consumed for each unit of brake power per hour; 
it indicates the efficiency with which the engine develops the power from fuel. It is used to 
- compare performance of different engines. The amount of fuel which an engine consumes is 
rated by its brake specific fuel consumption (BSFC). 

10. Briefly explain the fundamental laws related to heat conduction and convection. 

11. What is cavitation? Name two problem associated with this. 

12. Abbreviation CHP, CHF, ASHARE, ASTM. 

Answer: 

CHP: Combined heat and power : : 
CHF: critical heat flux 

ASHARE: American Society of Heating, Refrigerating and Air-Conditioning Engineers 
ASTM: American Society for Testing and Materials 

13. Problem on heat loss. 


[All the questions are discussed in other job question solutions] 
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Bangladesh-China Power Company (Pvt.) Limited (BCPCL) 
Post: Assistant Engineer (Mechanical) 
Time-10.00AM to 11.30AM 
Date:25.11.2016 
Exam Hall: CE Building, BUET 


1. Draw the schematic diagram of Rankine cycle with T-S diagra:‘i. 

Answer: Question-6, Power Grid Company Ltd.(PGCB)-2017 

2. Draw the P-H and T-S diagram of standard vapor compression system mentioning 
the thermodynamic processes. 

Answer: Question-14, North West Power Generation Company Limited (NWPGCL)-2015 

3. Write the name of five largest power plants of Bangladesh. 

4. Two helical springs of stiffness 15 N/mm and 10 N/mm are connected in series. Find 
the equivalent stiffness. 

Answer: Question-9, Titas Gas Transmission and Distribution Company Limited-2018 

5. A vapor compression refrigeration system as to handle a cooling load of 2 ton. If the 
COP o the refrigeration system is 3.5, then find out the amount of heat rejection from 
the condenser. 

Answer: Question-6, Bangladesh Petroleum Exploration & Production Company Limited 
(BAPEX)-2016 

6. Find out the reaction at B. 


Solution: 
+O™UM, =0: 
—=Bx20 — 50x4 — 40lbx10 =0 
=>B =+30lb 
-B=30.0lb ¢ (Answer) 


7. Water flows through a pipe of 500mm in diameter 300m long with a velocity 2 m/s. 
Find the head loss due to friction, = 0.005. Use Darcy-Weisbach equation. 

Solution: Queestion-1, Rural Power Company Limited (RPCL) 

8. A wall of a furnace is made up of inside layer of brick 120mm thick. The 
temperatures at the inside surface of silica-brick wall and outside o magnesite brick 
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wall are 725°C and 110°C respectively. The contact thermal resistance between the two 
“walls at the interface is 0.0035°Cm7hr/Kcal. If the thermal conductivities of silica and 
magnesite bricks are 1.7 Kcal/m°Chr and 5.8 Keal/m°Chr. Calculate the rate of heat 
less per unit area of walls. 


Solution: Given, L, = 120mm = 0.12m Silica bricks 

Le = 240mm =_ 0.24m : Magnesite bricks 
k,q = 1.7W/m°C; kg = 5.8BW/m°C ce bed de 
The contact thermal resistance, f=725°C 2 le 

(Rin) cont; = 0.0035°C/W cc een 

The temperature at the inside surface of silica brick wall, Sea es i kaiietial 
ty = 725°C \ 4 

\ 


The temperature at the outside surface of the magnesite | 

brick wall, tz = 110°C | 

i)The rate of heat loss per unit area of wall, q : | @ Oe | 
<< L, 


Ni, =110°C 
At At <1, bla ty >4 
= =120mm —=240 mm 
YR Ren-a + (Ren) cont. + Rtn-s 
= (ti—t4) 
La/kKa+0.0035+Lp/kg 
(725-110) 


~ 0,12/1.74+0.0035+0.24/5.8 
= 615 


™ 0.0706+0.0035+0.0414 


= 5324. 675 


. The rate of h heat Joss per unit area of wall, 
q = 5324.67W/m? (Answer) 


9. Draw the characteristics curve of centrifugal pump. 

Answer: Question-5; Power Development Board (PDB)-2010 

10. Two 500mm rods are pin-connected at D as shown. Knowing that B moves to the left 
with a constant velocity of 300mm/s, determine at the instant shown (a) the angular 
velocity of ED rod, (b) the velocity of A. 


yrs era 
Solution: Question-22, Electricity Generation Company of Bangladesh(EGCB)-2017 
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11. Draw the SED & BMD. 


a 


Solution: Question-9; Gas Transmission Company Limited (GTCL) 
12. Gear math (similar) 


Driver Compound 
a 1 4 gears 
aT ee nie aoa 
ae CNN on i Driven 
; KO 2 i 


Solution: Question-7, Power Grid Company of Bangladesh(PGCB)-2018 
13. Draw FRONT, RHS and TOP view. 


irom 


Answer: Question-15, Ashuganj Power Station Company Ltd. (APSCL)-2016 
Bangladesh Ordnance Factory (BOF) 
Post: Assistant Engineer (Mechanical) 
Date:04.08.2017 
Exam Hall: Gazipur Cantonment College 


. Write down difference between Brake and clutch. 

. Write down difference between motor and generator. 

. Draw P-V and T-S diagram of Otto cycle. 

. Write down Bernoulli’s equation for ideal fluid. 

. Draw p-h diagram for vapour compression refrigeration system. 
. What is boiler mountings and accessories? 

. Draw the characteristics stress-strain curve. 


8. Math related to basic heat transfer. (Q= kA) 
i dx 


“DnB WH — 


9. Math related to power of pump. (P= “ 


10. Elaborate these- SDG, SPARRSO, DGFI etc. 
SDG- Sustainable Development Goals 
SPARRSO- Space Research and Remote Sensing Organization 
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DGFI-Directorate General of Forces Intelligence 
[Cresta APT ACH GSA GCA A] AMATASTHHNCS ACHAT Fal AAR 1] 
Prat IRSA aso onfbafte wep aso Teriftts GH gay GIcaT FER ory fe] 


Nuclear Power Plant Company Bangladesh(NPCBL) 
Post: Executive Trainee (Mechanical) 
Time 10.00AM to 11.30AM 
Date:04.08.2017 
Exam Hall: BUET 
Non-Departmental MCQ- 40x0.5=20; Departmental MCQ-40x0.5=20; Departmental 

Theory-10x6=60 
1. Draw a block diagram of a steam turbine power plant only with the four elements. 
Draw the corresponding T-S diagram. 
Answer: 


Boiler 


Condenser 


Figure: Simple steam power plant that Fig.: T-S diagram of Rankine cycle 
operates on the Rankine cycle 


1 
Cour 
MELTS 


Wha 


2. A hydroelectric pump is used to lift water which has a suction head of 1.6m and 
delivery head of 17.4m. Discharge of this pump is 60m*/h. Determine the power of the 
motor if the combined efficiency of the drive motor and the pump is 70%. 
Solution: 
Given, h, = 1.6m; hg = 17.4m --H, = h, + hg = 19m, Q=60m3/h; n=70%=0.7 
We get, 

H 1000x9.81x19x60 
P = =o = a = 4.5KW (Ans.) 
3. Water flows through a pitot tube of diameter 10cm has the end pressure is 2kPa. 
Determine velocity of flow and flow rate. 
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Solution: 

Given, D=0.1m; P=pgh=2000Pa; -.gh=2; Let, C, = 1; 

We get, V= C,,/2gh = 1 x V2 x 2 = 2ms“! (Ans. ) 

Q= AV= 7 xD? x«K2.= - x 0.12 x 2 = 0.016m3/s (Answer) 

4. A furnace wall is made up of refractory bricks of 100mm thick and area 2m”. The 
inner and outer surfaces of the wall have temperature of 1000°C and 200°C. Heat 
transfer coefficient is 20W/mk. Find the heat flow rate. 

Solution: Given, Ax=0.1m; AT= —800°C= —800K; k = 20W/mk 

We get, 

Q=-KA= t= 320K W (Answer) 

5. Which type of reaction is occurred in a Nuclear Power Plant? What is the function of 
control rod? 

Answer: The reaction that takes place in nuclear power plants is nuclear fission, which is a 
chain reaction. 

Function of control rod: 

Control rods are used in nuclear reactors to control the fission rate of uranium and plutonium. 
They are composed of chemical elements such as boron, silver, indium and cadmium that are 
capable of absorbing many neutrons without themselves fissioning. 

6. Determine reaction force of point B along vertical direction of the truss shown. 


Solution: 
Free Body Diagram of Truss Taking moment at C, We get, 
: Byx4—-2x7=0 
or, By = 3.5KN (Ans. ). 


7. A cylindrical shaft is under a torsional force of 100N-m. inside and outside dia of the 
shaft is 30mm and 50mm. Determine maximum shear stress of the shaft. 

Solution: 

Given, T=100N-m, D, = 50mm = 0.05m; D; = 30mm = 0.03m; Tmax =? 
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We get, 
t..., = —16TDo__ _. _16x100x0.05 

max ““(Dg*—D;*) ™(0.054—0.03+) 
8. A flat belt is with two pulleys of equal diameter. Maximum allowable tension in the 
tight side is 800N. The coefficient of friction of the pulley is 0.03. Determine the 
maximum force in the slack side. 
Solution: Given, T, = 800N, p = 0.03, 8 = m radian; T, =? 
We get, = = el 

T2 


or, Ty = ox = 728.05N (Ans. ) 


9. For a cantilever beam deflection, 5= WI°/3EI and W=200 N, L= 10cm, E= 200GPa, 
I=400mm *. Determine natural frequency of the transverse vibration. 


= 4.7MPa (Answer) 


Solution: 
we 200x.107 
We get, = — =—_———__——— = 8.33 x 107*m 
Bet, 3EI 3x200x109x400x10-12 3 


ae aan | eee 981 _ 
= 2nyjé 20 1 8.33x1074 17.3Hz (Ans. ) = 


a 
10. Draw TOP VIEW, RHS VIEW and FRONT VIEW. - a 


t 


+ 


oO ft on 


i ; RHS VIEW 
TOP VIEW “ 
i v 
ne Sus 


Front 


FRONT VIEW 


Departmental MCQ 


1. The fluid state after throttling — liquid and vapor 
2. Chiller is used in central air conditioning unit- cools the water 
3. Maximum normal stress theory and Maximum shear stress theory- For brittle and 
ductile respectively. 
4. Continuity equation deals with the law of conservation of 
a. mass 
b. energy 
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c. momentum 
d. none of the above 
5. The Kaplan turbine is a 
a. Impulse — reaction turbine 
b. Impulse turbine 
c. Reaction turbine 
d. None of the above 
6. For safety, control and operation which one is used? 
a) Boiler mountings 
b) Boiler accessories 
c) Boiler mountings and accessories 
d) All of the above 
7. Stoichiometric air fuel ratio means ratio of- 
a) Mass of air to mass of fuel 
b) Mass of fuel to mass of air 
c) Volume of air to volume of fuel 
d) Volume of fuel to volume of air aL 
8. Octane number increases means the- Yo 
a) Increasing of knocking tendency : ps 
b) Increasing the possibility of auto ignition 
c) Increasing the resistance to knocking 
d) - 
9. Air conditioning means 
a. cooling and dehumidifying 


b. heating and humidifying 
c. supplying quality air 
d. all of the above 


10. Which is correct for Maximum torsional shearing stress — 
16PR d 
a)TJ/r  b)Tr/J c)Tr/l_— d) a0! (1+ rs) 
TBS AAT CFE 


Non-departmental MCQ 
1. What is the abbreviation of ‘SRAM’? 
Answer Static Random Access Memory. 
2. RAID used for---? 


Answer increasing the performance and/or reliability of data storage. 
3. Gobi desert in between--? 
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19. 


20. 


Answer China and Mongolia. 
Constantan alloy made of- 
Answer Ni, Zn. 
& fe eacaa a¥ 
Answer Sav 8 THR. 
Mujibnagar sector no--? 
Answer 8 
What is the meaning of "call it a day"? 
Answer It means to stop work or other activities which was engaged in. 
Correct the spelling ‘Paralal’. 
Answer Parallel. 
Correct the sentence ‘where were u born’? 
Answer Right answer. 


. He retired - the company and move- 


Answer from, on. 


. Correct the sentence ‘what you most like about me’? 


Answer what do u like most about me? 


. He can play---flute. 


Answer a. 


. What was the Bangla calendar date? 


Answer 20 shrabon, 1424. 


. Ominous antonym is---? 


Answer Auspicious. 


. Fuel supplier name of Rooppur Nuclear plant is---?? 


Answer Rosatom 
What is ‘Nuclear reactor’ meaning in bangla? 


Answer *fatfass Efe ts \ 
What is ‘Atomic energy’ meaning in bangla? 
Answer "TAS hehe ce 
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Sundarban Gas Company Limited (SGCL) 
Time 10.00AM to 11.30AM 
Date:07.07.2017 
Exam Hall: BUET 
L-Draw the actual and air standard Otto cycle P-V diagram with all 
/ thermodynamic processes. 


TDC BDC vb 


Fig.: Actual Otto cycle Fig.: Air Standard Otto cycle 


Process 1-2: Reversible adiabatic compression of air 
Process 2-3: Heat addition at constant volume 
Process 3-4: Reversible adiabatic expansion of air 
Process 4-1: Heat rejection at constant volume 

«Draw P-h diagram of vapor refrigeration compression cycle with showing 
thermodynamic processes. 
Answer: 

P ; Process 1-2: Isentropic compression 
of saturated vapour in compressor 
Process 2-3: Isobaric heat rejection in =| : 
condenser - ; 
Process 3-4: Isenthalpic expansion of 
saturated liquid in expansion device 
Process 4-1: Isobaric heat extraction in the 
evaporator 


h ' 

. A four cylinder 4 stroke engine has 10 cm bore and 10 cm stroke. Clearance 
volume is 507 cc (157 cc) i. Determine compression ratio, ii. What is the CC of this 
engine? 

Solution: Given, N=4; D= 10cm; L=10cm; V, = 501 cc = 157 CC; 
5 =D?L = ; x 10? x 10 = 785.4 cc 
VstVc _ 785.4+157 

Vo 157 

il) Engine CC= 4xV, = 4 x 785.4 = 3141.6 = 3142 CC (Answer) 


i) Compression ratio = = 6 (Answer) 
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4. A 250 KW engine has a thermal efficiency of 42.2%. If the calorific value of the 
fuel is 40.3 MJ/Kg, determine a) Input power of the engine b) specific fuel 
consumption of the engine in Kg/K Wh. 

Solution: Given, Power Output= 250K W; n=42.2%; C=40.3MJ/Kg; 


a) Input power of the engine 
Power Output 


We get, n= Power Input 
--Power Input= —. = 592.42 KW (Answer) 


b) Power Input= mC = 592.42 KW 


ni; = PowerInput _ 592.42) _ 0.0147 Ke/ eis 


Ae . O07 473600 
: x 
“.sfc= aoe = —~zs0 = 0.212 Kg/KWh (Answer) 


5. Gas flows at 0.03 m°/min at 23°C and 100 KPag. Determine the volume flow rate 
at atmospheric condition. 

Solution: Given, P; = 100KPag = 201KPa(abs. ); V, = 0.03m?/min; 

T, = 23 + 273 = 296k; P, = 101KPa(abs.); T, = 25 + 273 = 298; V2 =? 


PiV P.V> 
We e a2 = pa a 4 
Bet, T T 
PiVi _ P2V2 
a ae 
2010.03 _ 101xV2 
> 296 298 
100x0.03  101xV2 
or, ———_ = ——- 
296 298 


or, V. = 0.06 m?/min (Answer) 

6. Draw a closed loop gas turbine Cycle schematic diagram with reheating and 

specify the thermodynamic processes clearly. 

Solution: 
(6-1) Isentropic compression, 
(1-2) Constant pressure Combustion 
(3-4) Constant pressure Reheating 
(4-5) Isentropic expansion 

Generator (9-6) Constant pressure heat rejection 


Schematic arrangement of a closed cycle gas turbine with reheating 
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7. OAB is an equilateral triangle having an arm of 1 m in each side. The elevations of 
the points O, A & B are 0, 100 & 500 cm. What is the area of the horizontal projection 
of the triangle? 


A 


a > a 
re) & 
Solution: : Ome 
OB’ = V12 — 0.52 = 0.866m 
OA’ = V12 — 0.12 = 0.995m 
A'B! = 12 — (0.5 — 0.1)? = 0.917m 


0.866+0.995+0.917 
S= ee 1.389m 


AOA’B’ = /S(S — OB’)(S — 0A’)(S — A’B’) 

= /1.389(1.389 — 0.866) (1.389 — 0.995)(1.389 — 0.917) 

= 0.368 m? (Answer) 

8. A motor can lift 500 kg water to 15 m height in 9.1 seconds. a) Determine the 
work done by the motor, b) power of the motor. 

Solution: 

Given, m=500Kg; h=15m, t= 9.1sec, 

a) We get, Workdone, W= mgh= 500 x 9.81 x 15 = 73575] = 73.575K]J (Ans. ) 


me = SS = 8.08 KW (Ans. ) 


9. Determine h of a fluid column having SG = 0.738 neglecting the atmospheric 
pressure. 


b) Power of the motor = 


QB-164 Job Solution 


\ 


Solution: 

(hpg)ug = (hpg)ug + (hpg) oii 

or, 8x13.6*9,.81=(5«13.6x9.81)+(hx0.738x9.81) 
or, 1067.328=667.08+7.24h 

or, h= 55.28cm 

“h=535.28cm (Answer) 


Solution: 
Here, Area of the gate= 3 x 5 = 15 m? 
h = 2.5 sin45° = 1.77m 
-. Resultant Force, F = pghA = 1000 x 9.8 x 
1.77 x 15 = 260.19 KN(Ans. ) 


éWhich load a 4 cm dia bolt can resist if maximum strength is 250 MPa and 
factor of safety is 4? 
Solution: 


Working Strength, oy = = = 62.5 MPa 
P= Ow X A= 62.5 X : x (0.04 2 = 0.0785MN = 78.54KN (Answer) 


12. Water is flowing at a velocity of 2 m/s through a pipe where two pressure gauges 
are attached at point 1 and 2. Reading of the gauge 1 is 100 KPa. What is the 


reading of the gauge at point 2? 
yaa ea — 


ee iy 
Solution: . ON 
= 1 2 ae ‘ 
Le Pi + 2 pv ; ‘ i, V/ 
= 100 +> x —~ x 2? = 102KPa. (Answer) ! 


12. Draw the front, top and LHS view. (Same as BCPCL-2016) 
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BUET MSc-2017 ee ee ee 
Date: 210.2017 ~ , / ‘ 
Exam Hall: BUET 
These Questions are just similar; don’t judge these as exact questions 


1. What force is required to punch a 20-mm-diameter hole in a plate that is 25 mm 


be : 2 
thick? The shear strength is 350 MN/m‘. : 5 w) ators - 


Puncher I my 


20 mes 6 |--— 


25 mm thict | 4 
: 
7 


oS eee 
ee al 
Sai ia (3) |e 


a4, 
au 


2. A cantilever of length 2 meter fails when a load of 2KN is applied at the free end. If 
the section of the beam is 40mmx60mn, find the stress at the failure, (Similar) 


3. Knowing that each pulley has a radius of py ae § 
250 mm, determine the components of the ae aaa a 
reactions at D and E. (Almost similar) go A ei 


4. Draw a velocity profile for fluid flow through a spherical body. 

5. Draw a velocity profile for fluid flow through a flat plate. 

6. Find the natural frequency of a spring where k and mass of load is given. Neglect the 
mass of spring. 

7. Draw a T-S diagram for gas turbine cycle with re-heater and intercooling. 

8. Air craft velocity related math. (Stagnation Formula may be) 

9. Reynolds number related math. Find the pipe dia. (Reynolds number was not given, 
it was said to use conventional value for certain conditioned pipe flow.) 

10. Isothermal and Isobaric workdone calculation related math. 

11. Total heat required for melting of certain temperature ice into water. (HSC level) 
12. Check the cycle is irreversible or not by finding out the efficiency. 

13. Power plant related math: find average load and total power generated. 

14. Pump math. (Find Q and H) 

15. Gear related math. 

16. Stress and deflection was given find the minimum area. 

17. Modified Bernoulli’s equation with losses. 
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18. A DC input was given and some data are provided. Find out the binary value. 
19. Short MCQ type 3 questions. 
20. Drawing. 


Power Grid Company Ltd.(PGCB) 
Time 10.00AM to 11.30AM 
Date:03.03.2017 
Exam Hall: MIST 
Analytical Ability: 20; GK: 20; English 20 Technical- 40 
1. Sate Zeroth law of thermodynamics. 
Answer: Zeroth Law of Thermodynamics: When two systems are each in thermal 
equilibrium with a third system, then the two systems are also in thermal equilibrium with 
one another. 
2. Draw stress-strain curve for mild steel. 
Answer: . 


A- Proportional limit 

B- Elastic limit 

C- Upper yield point 

D- lower yield point 

E- Ultimate stress/strength 
F- Breaking stress/strength 
G- Actual Rupture Strength 


9 ae Strain 


3. Write the difference between fin efficiency and effectiveness. 
Answer: Fin Efficiency, 
Actual heat transfer by the fin (Q¢,) 
"fin = Maximum heat that would be transferred if whole 
surface of the fin is maintained at the base emperaure (Qmax) 
Heat transfer rate with the fin (Q with fin) 


Effectiveness of fin, €g, = 
> “fin ~~ Heat transfer rate without the fin (Qwithout fin) 


4. Write the difference between case hardening and flame hardening. 


Flame Hardening 


1. Case hardening is a technique in which a | 1. Flame hardening is a surface-hardening 
metal surface is reinforced by the adding of | method that involves heating a metal with a 
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more durable, increasing the object’s life. 
2. Case hardening is suitable both for carbon 
and alloy steels, and typically mild steels are 
used. 
3. This is particularly significant for the 
manufacture of: Machine parts, Carbon steel 
forgings, Carbon steel pinions etc. 


high-temperature flame, followed by 
quenching. 

2. It is used on medium carbon, mild or 
alloy steels or cast iron to produce a hard, 
wear-resistant surface. 
3. Typical flame-hardening applications 
include: 

Blades, Gears, Rolls, Cams, Automotive 
components etc. 

4. Flame hardening uses direct impingement 
of an oxy-gas flame onto a defined surface 


area. 


4. Case hardened steel is formed by 
diffusing carbon (carburization), nitrogen 
(nitriding) and/or boron (boriding) into the 
outer layer of the steel at high temperature, 
and then heat treating the ‘surface layer to 
the desired hardness. 
5. What is the function of economizer and baffles. 

Answer: Function of Economizer: Economizer is a device used for heating feed water 
which is supplied to the boiler by utilizing heat in the exhaust flue gases before leaving 
through the chimney. 

Function of Baffles: Baffles are used in Boilers to reduce turbulence in the flow of the hot 
combustion gases over the boiler tubes. The baffles maintain proper velocity of the gases 
which enables efficient energy transfer. 

Baffles also guide the fly ash and slag to the proper place for deposition from where they can 
be easily removed. 

If the Baffles are damaged, it will result in overheating at certain places and poor heating in 
others. 

6. Draw the schematic diagram of Rankine cycle with T-S diagram. 


Answer: 


Boiler | ~~ 
3 


© ® 
? “ 
Mou 
Pump @ L == : 
Figure: Simple steam power plant that Fig.: T-S diagram of Rankine cycle 


operates on the Rankine cycle 
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7, Write notes on- Knocking and ignition lag. 

Answer: Detonation/ knocking: The rapid auto-ignition of a portion ofa fuel causes a 
pressure wave of high intensity to be set up in the cylinder of an I.C. engine. This pressure 
wave of high intensity propagates rapidly through the gas gives a violet blow to the walls of 
the cylinder, to the combustion chamber and to the piston. A loud pulsating noise known as 
knocking is produced which gives violent vibration to the engine. The term detonation is 
used to indicate precede of gas vibration and term knock is used to include all phenomenon 
that arise from auto-ignition. The knock in S.I. engines is characterized by sudden auto- 
ignition of the charge farthest away from the spark plug while in case of C.I. engines it is 
characterized by the sudden auto-ignition of the mixture at the very beginning of the 
combustion process. 

Ignition lag is defined as the time taken by the fuel after injection to reach up to auto- 
ignition temperature. 

8. A circular disc of radius 100mm and mass | Kg, initially at rest at position A, rolls 
without slipping down a curved path as shown in figure. What is the speed v of the disc 
when it reaches position B? Consider gravitational acceleration as 10m/s’. 

Y 


30 meters 


Solution: Here, H=30m, v=? 
We get,mgH = sw? + cmv? 


. 2 
mr Vv 
Here, | = —;w.=- 
2 r 


Then, 


Imr* v2 ,1 9 
mgH = -——(- =mv 
6 22 oe) +3 


2 2 
or, 10x30= —+— * 
4. 2 


or, v7 = 400 

“. v= 20m/s (Answer) 

9. A centrifugal pump delivers 0.055m°/s of water to a total height of 16m. The diameter 
of the pipe 150 mm and it is 22mm long. If the overall efficiency is 75%, calculate power 
needed to drive the pump. Take friction coefficient factor, f=0.05 for the pipe. (Similar) 
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Solution: We get, 


Q= <0 xV 
or, 0.055 = = (0.15)? x V 
or, V = 3.11m/s 
Again, Hr_ = = = Kecongd™® = 3.62 
-. Total Head, H= 16 + 3.62 + = 20.11 


We know, ne 


0.055x9.81x20.11 
2.7’ 


= P = 14.46KW (Answer) 

10. Find out the efficiency for Otto cycle for the specific heat ratio (Cp/Cv) of the 
working fluid is considered as 1.50 and compression ratio is 10. If the cut-off ratio is 
1.96 then what will be diesel cycle efficiency? 

Solution: Given, y = 1.5, = 1.96,r = 10, Notto =? and Ndise) =? 


For Otto Cycle: For Diesel Cycle: 
es 1 1 
Notto = 1—- (nY-2 Ndisel = 1 — | 


1 1.5 
ve = ee 1 [(1.96)*°-1 
»Notto (10)1 5-1 1095 | 1.5(0.96) 


OF, Notto = 0.6837 = 0.6170 = 61.70% (Answer) 
“ Notto = 68.37% (Answer) 


11. Calculate pressure P,. Take Sp. gr. of kerosene is 0.823. 


pY-1 ] = 
y(p—-1) 


Kerosene 


Solution: 

Taking A-A as datum line. 

Pressure above A-A in the left limb 

= 1000 x 0.823 x 9.81 x (0.047 + 0.15) + Py = 1590.51 +P, 

Pressure above A-A in the right limb = 1000 x 13.6 x 9.81 x 0.150 = 20012.4 
Equating the two pressures, we get, 1590.51 + Py = 20012.4 

» Py = 20012.4 — 1590.51 = 18421.89Pa = 18.43KPa (Answer) 
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12. Draw FRONT VIEW, TOP VIEW and RHS VIEW. 


1S 


FRONT VIEW RHS VIEW 


1, What is the capacity of Rampal power plant? 

Answer: 1320MW 

2.Who will collect the nuclear waste of Rooppur power plant? 
Answer: Russia \ 
3. When BPDB was formed? 

Answer: 1972 

4. Write the name of two subsidiaries of BPDB. 

Answer: Ashuganj Power Station Company Ltd. (APSCL) 

- Electricity Generation Company of Bangladesh (EGCB) 

5. Elaborate: , 

HVDC- High-voltage direct current 

NLDC- National Load Despatch Centre 

6. How much power import from India through Bheramara? 
Answer: 500MW 

7. Power Generation target in 2021 is- 

Answer: 24000 MW 

8. What is the full form of ECNEC? 

Answer: Executive Committee of the National Economic Council 
9. What is the full form of BIMSTEC? 
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Answer: Bay of Bengal Initiative for Multi-Sectoral Technical and Economic Cooperation 


10. Who is the British person of the year in 2017? 
11. Who is the chief of Samsung Company? 

12. What is the length of Padma Bridge? 

Answer: 6.15Km 

13. How many goals of SDG? 


4 
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Answer: 17 

14. BREXIT date 

Answer: 

15. Sacked attorney general name is- 

Answer: . 

16.Dutch Australian commando in BD liberation war was- 
Answer: Ouderland, William AS , 
17. Name of the SAARC secretary general is- 
Answer: Amjad Hussain B Sial 

18. What is the full form of TPP? 

Answer: Trans-Pacific Partnership 

19. Who is the BSF chief? 

Answer: K K Sharma 

21. New Submarines of Bangladesh- 

Answer: Nabajatra and Joyjatra 

22. Name of the 100th test winning stadium for Bangladesh- 
Answer: Sara Oval 

23. International Peace keeper day- 

Answer: 29 May 

24. “Knowledge is power” is a statement by- 
Answer: Francis Bacon 

25. Sea area won by Bangladesh — 

Answer: 19,467square kilometres 

26. Translation from Bengali to English 

(i) CHAT “RE MAGS , OPAC SIFTS AT Gt 
=Where the power loss, wins the love. 

27. af& (2) 

28. Sentence correction 

29, ‘IERGTAA Bey’ — IA CAB C- 

30. Tat afsreTA TATA Dera Sater 

Gea: ols 

MPSA WA CAI CPT FSR Analytical Questions fA! 


QB-171 


wlr grt 


Job Solution 


Post: Assistant Engineer (Mechanical) 
- Time 10.00AM to 11.30AM 
Date: 23.03.2018 


Exam Hall: BUET 
. A two unit coal fired power plant turbine-generator gross generation is 600MW 


(Gross) burns 4500tons of coal per day. The coal has a higher heating value (HHV) cy 
of 30 MJ/Kg. If 15% of gross power is consumed by the power station then, 
Determine (i) Gross heat rate (HR) and (ii) Net heat rate (HR). 


Energy input= 1520%1000%30%10" _ 5695000 x 105J/hr = 5625 x 10°KJ/hr 


24 
(i) Gross heat rate (HR) (ii) Net generation power = 600—600x0.15 
_ Energy Input _ 5625 x 10° =510MW 
~ Power Generation(Gross) 600 x 103 | Net heat rate (HR) : 
= 9375KJ/KWhr (Answer) = Energy Input __ 5625 x 10 
c me Power Generation (Net) 510x103 


= 11019.6KJ/KWhr(Ans. ) 
. T-S diagram of a Rankine cycle corresponding to the pressure and temperature is 
shown below. Determine the (i) thermal efficiency and (ii) Back Work Ratio. 


3 +3-420°C 
ha= 3120 KI/Kg 


Ta= 230°C 
ha= 2150 KJ ‘Ke 


1 b= 190 KIKe 


$s 
Solution: We get, 


Thermal Efficiency,n = awe Back Work Ratio, BWR = <2 

i T 
_(hg—hy)—(ha—hy) __ (3120-2150)—(195—190) = 195-190 _ 9 ggs (Adlewer) 
= h3—-h2 ~ 3120-195 3120-2150 . 


_970-5 
™~ 2930 


= 0.3293 = 32.93% (Answer) 


# 
3. A thermoelectric refrigerator melts 500ml water (C, = 4. 18KJ/Kg°C) at 30 °C to 5°C 
in 1 hour. The refrigerator consumes electrical power 70W. Determine the COP. 


Solution: 
Here, m=px V=1000 Kg/m?x 500m1=1000 Kg/m?x 500x1076m? =500x 1077Kg: 
Cy = 4.18KJ/Kg°C; AT=25°C; t=1hr=3600s; Wp = 70W 
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-3 
Then, Q. = 500x10 ——ee’_s = 14.51W 
COP= Ze = 45* = 0.21 (Answer) 
WR 70 


47° The percentage composition of a sample of coal is found to be as follows. 


Calculate the minimum air required for complete combustion of 5Kg of coal. Consider 
the amount of oxygen percentage at air is 22%. 


Solution: 0 22 

Minimum air required for complete combustion of 5Kg of Coal € av 2 

=5x+|(EC + 8H2 + S) — 02] Kg | , ae (F 
2oNg. . en y 


=5xi ( x 0.88 + 8 x 0.043 + 0.01) — 0.04] Kg 


=60.469Kg (Ans. ) 
5. Draw a schematic diagram of velocity compounding of an impulse turbine. Also 


show pressure and velocity distribution of the turbine. 


steam 


SNS 


ee YS ( I SSS 
SSR 


SS 


aay? 
Wa 


wee 


Moving blades 


Moving blades 
Guide bladés 


Steam pressure al entrance 
Velocity of steam entering 
Velocity of steam leaving 
Condenser pressure 
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= t 


6. Draw a block diagram of a coupled GT-ST power plant. Mention the name of the all 
components. [similar to previous year question] 

YA centrifugal pump delivers 30I/s of water at a height of 26m. A 3-phase, AC 
current supply to the motor voltage and current are 400V and 17A respectively. 
Determine the efficiency of the pump considering the power factor value is 1. 

Solution: 

We get, Power input=V3VICos@ = V3 x 400 x 17 x 1 =11777.9455 

Power Output= pgHQ=1000 x 9.81 x 26 x 30 x 1073 =7651.8 

Power Output pgHQ 7651.8 

“Power Input ~ V3VIcos6 ~ 117779488 — 06496 

-. Efficiency= 64.96% (Answer) 

8. Draw the shear force and bending moment diagram of the following loaded beam. 


“. Efficiency= 


BMD 


CY 


9/ What force is required to punch a 20mm diameter hole in a plate that is 25mm 
thick? Shear strength is 400MPa. 

Solution: 

Given, D=20mm=0.02m; t=25mm=0.025m; Shear strength, t=400MPa=400x10°Pa 

We get, V= TA = tT X mDt 

= 408 x 10° x nx 0.02 x 0.025 

=6.3x 10°N (Answer) 

10/The bracket BCD is hinged at C and attached to a cable at B. For the loading 

: shown, determine the tension in the cable. 
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a=0.18m fF : 
- * EB 


a , eee ee 0.4 ine m . 
0.24 m oe 
Solution: # P ne 19 » 
We get, ; 4 ai FBD: ad 
g=tan-?°4* = 36.87 honor 
Moment at C, Ce 240 
+OYMc = 0 0.18m T~ Ty 
or,Tcos 8 x 0.18 — 240 x 0.4 — 240 x 0.8 = 0 pe ee c D 
x 
or, T=" = 2000N (Ans. ) A L y | 4 
0.18Xcos 36.87 0.24m=pe— 0.4m 0.4m 


11. A package lift is hung in a spring scale, the package is moving downwards with an 
acceleration 1m/s*. The tension required to hold the package is 60N. Determine the 
weight of the package. . 

Solution: 

We get, 
mg—T=ma 

or, T= mg — ma 
or, T= m(g—a) 


or, m= 
, (g-a) 


baler tha 6.81 kg 


-. Weight of the package= mg=6.81 X9.81=66.81N (Answer) 


12. Two different size Pulleys (a motor pulley and a machine pulley) are connected 
through a flat belt. Tension at tight side and slack side are 500N and 350N 
respectively. The machine shaft has a speed of 1450rpm. Determine the torque 
required and power transmitted through the machine shaft. 
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eee oT 


y\ ¥=80mm i 

: ; Y=300mm H : 
: a\ wa : ry 
Motor Pulley ied i 

Machiite Pulley 
Solution: 

Given, T, = 500N; T, = 350N; rz = 300mm = 0.3m; N = 1450rpm. 
Torque= (T, — Tz) rz =(500 — 350) x0.3 =45Nm (Answer) 


Power= (T, — Tp) a =(500~350) ~-" = 6833W (Answer) 


13. A furnace wall is build up with a refractory brick of 300mm thick and an insulating 
- brick of 150mm, the thermal conductivities of the refractory bricks and insulating 
bricks are 1.5 W/m°C and 0.5 W/m°C respectively. The temperature of the surrounding 
is 40°C whereas that the furnace is 1200°C. Determine the rate heat flow per unit area. 
Solution: Same as Previous year problem 
-\\/ 14. Determine the allowable cross section area of a bar of length 2m, the maximum 
\s fi ‘ allowable tensile stress 150MPa and E=200GPa. The deformation due to tensile pull is 
*  0.003m. [Same as BPDB-2016] 
Solution: 


Cannot recall the data so only solution procedure is provided: 


P 


First apply this formula and find the area o= = Or, A= = - 


And then apply this formula and find the area, 


PL 
a= AE’ ‘ 


Now, by comparing these two area values select the maximum allowable area. (Answer) 
15. Draw the TOP VIEW and FRONT VIEW. 


Fundamentals of Mechanical Engineering ; QB-177 


Power Grid Company of Bangladesh(PGCB) 
Post: Assistant Engineer (Mechanical) 
Time-10.00AM to 11.30AM 
Date:02.03.2018 
Exam Hall: Old Building, BUET 


1. A nuclear power plant nameplate capacity is 200MW and yearly generated power is 
1625GWhr. A gas based power plant nameplate capacity is 700MW and yearly 
generated power is 5850GWhr. Find the plant capacity (Utilization) factor for both 
plants. 


Solution: 
For Nuclear Power Plant: For Gas based Power Plant: 
Plant Capacity(Utilization) factor = om Plant Capacity(Utilization) factor = ; om 
ae he 0.9275 5850x109 ; 
_ 200x106x8760 TS aavigecaca = 0.9540 
.. Plant Capacity(Utilization) factor = :. Plant Capacity(Utilization) factor = 


92.75% (Answer) 95.40% (Answer) 


2. An IC engine develops brake horse power 7.0hp. If it consumes 50ml fuel of sp. Gr. 
0.84 in 2 mins. Find the specific fuel consumption (bsfc) in g/hp-hr. 

Solution: 

Given, brake horse power = 7.0hp; Fuel consumption= 50ml=50x107¢m?; t=2mins= <hr 
Mass of fuel=pV = 0.84 x 1000 x 50 x 107° = 0.042Kg = 42gm 


mass offuel — 42x60 _ iz 
bhpxtime ~  9y~2 180g/hp hr (Ans. ) 


3. An airplane was travelled at attitude 10km, speed 75km/hr. At sea level the 
atmospheric pressure 25KPa (abs) and temperatures was —52°C. Find the nose pressure 


Specific fuel consumption (bsfc) = 


of airplane. 

Solution: Speed, v =75km/hr =20.83m/s; Attitude, h=10km =10x102m; T= —52°C = 
(—52+273) k=221k; R=287j/kgK; p, =2.5KPa =2.5x10?. 

Velocity of sound, C= JyRT =V1.4 x 287 x 221 =297.99m/s 


Mach number, M= ¥ 208? =0.0699. 
c 297.99 


_ Y-1 gas : 3 14-1 Pees 
Stag. Pressure,P, = P,[1 ee }y? = 25 x 10°[1 + —— (0.0699 jr 
=25085.61 pa= 25.085kpa. (Answer) 
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4. A 2:1 scale model of a pump was tested in a laboratory at 750rpm, head 20m and 
discharge 10 V/s. If the speed of prototype was 1500rpm, determine the head and 
discharge. 

Solution: 2:1scale a peas that the ratio of linear dimensions of a model and its 
prototype is equal = ~ = =2 Lé,— ~aes 


MATT GEG os wR! ee Wd WUT Wowred linear dimension cae AN GIA prototype 44 


Dm 1 


BIVES 8 Sa {AR WMA PAA | 
We get, 
se Qm — Qp 
(>) m= Gp Again, 5 3n. b,3Np 
—5 Him _ Jip mare en a Np 
a 1500 Q _ 3.1500 
“-Hp)=320.41 m (Answer) “ Qy =16x10= “éblis (Answer) 


5. A large plate is fabricated from a steel alloy that has a length of crack 3mm. The 
fractural toughness is 80 MPaV/m. Determine allowable internal stress. 

Solution: [For a centre crack, length=2a and for a small edge crack, length=a] Let us 
consider the crack length = a. 

Fractural Toughness, 

Kic = 80 MPavm; Crack length,a=3mm=0.003m; Factor of safety,n=1; 

We get, Kj, = nova = 1 x ovr x 0.003 


_ Kic = 80 _ 
o-S5005 - Venous 824.05 (Answer) 


6. Water (C,, = 4. 2Kj/Kg°C) at a rate of 68Kg/min is heated from 35°C to 75°C by oil 
in a counter flow double pipe heat exchanger. The oil enters the heat ex changer at 
111°C and leave at 75°C. Find the amount of heat added in the water and calculate 
LMTD in this situation. 

Solution: 

Amount of heat added in the water, Toc] 


Q-mCyAT== x 4.2 x (75 — 35) = 190.4KJ (Answer) ™# 
Here, Tcin= 35°C and Tcout = 75°C, Thin= 111°C and whoull 4 


> 


Thout= 75°C. 

AT, = Thin = Tages 111 75 = 36 

and AT, = Taout — Tein = 75 — 35 = 40 ! a 
7 LMTD — oa = a — 


NAT, 36 
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“ LMTD = 37.97 = 38 °C or 38 K (Answer) 


7. The gearing of a machine tool is shown in fig. below. The motor shaft is connected to 
a gear A and rotates at 800 r.p.m. The gear wheels B, C, D and E are fixed to parallel 
shafts rotating together. The final gear F is fixed on the output shaft. What is the speed 
of gear F? The number of teeth on each gear are as given below 
[| Ger = | OA CT BUT cl UT hE OT EFC 
—Neof Teeth [20 8 


D 
Solution: 
Given: Na= 800 r.p.m.; Ta= 20; Tg = 50; Tc = 25; Tp = 75; Te = 26; Tr= 65 
Let, Ng = Speed of gear F i.e Last driven or follower 
Speed ofthe firstdriver Product of no.of teeths on drivens 
We know that, Speed of the last driven ~ Product of no.of teeth on drivers 


Na 50X75 X65 = 18.75 
oO NG 20x 2S 26. 


; Na 800 

Np = 18.75 = 18.75 = 42.67 r.p.m. (Ans. ) 

8. A refrigerator can introduce 500Kg of ice 0°C from water at 20°C in 30 mins. The 
latent heat of ice is 333.35KJ/Kg. Determine the tonnage capacity of the refrigeration in 
TOR. 

Solution: 

Given, m = 500Kg; t = 30 mins; A@ = 20K 


mln msA@ 


We get, Capacity = 
_ 500x333.35 , 500Xx4.2x20 
- 30 30 
= 6955.83 KJ/min 
= 33.12 TOR (Answer) 
9. Draw bending moment diagram of the following loading condition. 
20KN 20KN 20KN 20KN 


[ean am Em 


8OKNm 


fs BMD 


Ry-ZOKN : R2=20KN 
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10. A cantilever of length 2 meter fails when a load of 2KN is applied at the free end. If 
the stress at the failure is 170MPa, then find the height of the cross section. 


40mm 


Solution: 
We get, moment, M = 2x2000=4000 2KN 
___M_ 6M . — 
or, h2 — 6M Shear force diagram 


7 ee 4000 
x 2 
or, h? = _———————— , 
0.04x170x106 
KN-m Beriding moment diagdin . 


“-h= 0.05940m=59.40=60mm(Answer) 


11. Two flat belts are attached with two equal size pulleys of each diameter 200mm. 
maximum allowable tension is 500N. Belt friction coefficient is 0.3. Determine the 
maximum torque of the pulley. 

Solution: 

Given,T, = 500N, p = 0.3,0 = m radian; T, =? 

We get, 


T 


T2 
_500_ 
g0.3xTt 


= 194. 83N 
Torque= (T, — Ta)s = (500 — 194.83) = = 30.52Nm (Answer) 

12. A cylindrical shaft is under a torsional force of 100N. Inner and outer diameters of 
the shaft are 30mm and 50mm respectively. Determine maximum shear stress 
developed in the shaft. 

Solution: Same as previous questions. 

13. The speed of shaft of a steam turbine is 3000rpm and generator rotor speed is 
reduced at 750rpm. If the frequency of the generator is 50Hz, determine the gear ratio 
and number of poles of the generator. 

Solution: 


= T,= 


ae = = 4(Ans.) ; No of poles, P= —. ze = 


Gear ratio= = 8 (Answer) 
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Dhaka Water Supply & Sewerage Authority (DWASA) 


Post: Assistant Engineer 


Time 10.00AM to 11.30AM 


Date:27.10.2017 
Exam Hall: BUET 


Non-Departmental MCQ- 45x1/3=15; Departmental 13x4+1x3(Drawing) =55; Total=70. 
1. A typical performance curve of a centrifugal pump for various impeller diameters is 


given as follows at 3500rpm. For the impeller diameter 4: ” find out the H (feet) and 


Q (GPM) at the operating point(s). 
3500 RPM PUMP CURVES 


™ EECEREEEEE EEE 
EEaR 


SERIES: 182 
SUCTION: 214" NPT 
DISCHARGE: 2" NPT 


Explanation: 


3500 RPM PUMP CURVES 
FEET SERIES: 182 
fy Pett | I" 
ry HH SUCTION: 212" NPT 


Rees 
on EEEEEEEEEEEEEEEEEEEH DISCHARGE: 2" NP! 


aeaRy 
SPAT RIP AS 


AER 


Pa e 
Lt st x 
PT ee ee eed 


HF et) 


Q(GPM) 


H(Feet) 


As no specific efficiency is 
mentioned, it would be wise to 
choose the BEP (Best Efficiency 
Point) for design. For High 
Head at BEP, choose the left 
point and for High’ flow at BEP 
choose the right point. 
Recommendation for profession 
designers to design it slightly 
left of the Maximum efficiency 
point. 


Max 
Point 
Operating Line 


Efficiency 
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2. Find the value of H. The specific gravity of the liquid is 1.6. are a 
(o/ 


Solution: Question-15, BITAC-2016 aw 
3. Draw the schematic diagram of a vapor absorption refrigeration cycle. 

Answer: Question-9, BITAC-2016 

4. Draw a schematic diagram of combined cycle power plant. 

Answer: Question-4, BPDB-2015 

5. A motorcyclist runs his vehicle on a curved path of radius 500m with a constant 
velocity 70 km/hr. Determine the normal and tangential component of acceleration. 
Solution: Question-6, SGFCL -2017 


an =~ at = 77 


: ar — OCfor constant speed). 

6. A cylindrical shaft is under a torsional force of 100N-m. inside and outside dia of the 
shaft is 30mm and 50mm. Determine maximum shear stress of the shaft. 
Solution: Question-7; NPCBL-2017 
7. A flat belt is with two pulleys of equal diameter. Maximum allowable tension in the: 
tight side is 800N. The coefficient of friction of the pulley is 0.03. Determine the 
maximum force in the slack side. 
Solution: Question-8, NPCBL-2017 
8. A 2m long pressure vessel having inner surface and outer surface temperature are 
80°C and 30°C. Determine thermal stress if co-efficient of thermal expansion 

=2x107>m/ m°C and E=200GPa. 
Solution: We get, 

o = aEAT=2x107* x 200x10°x (80-30) = 200MPa (Answer) | 

9. A spur gear having module 6mm and the teeth numbers are 10. If the speed is 
1200rpm, then find the pitch line velocity. 


Solution: 
We know, Here, module=6mm=0.006m 
Pitch line velocity = _ Number of neekt T=10 
__ 1X0.06x1200 Module, m= = 
= oe -D=mxT=0.006x10=0.06m 
3.76 m/s (Answer) N=1200rpm 


10. A centrifugal pump delivers 301/s of water at a height of 26m. A 3-phase, AC 
current supply to the motor voltage and current are 400V and 17A respectively. 
Determine the efficiency of the pump considering the power factor value is 1. 

Solution: Same as Question-7, CPGCBL -2018 
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11. A furnace wall inside and outside temperature are 30°C and 20°C respectively has a 
dimension 4mx3mx0.35m and K=4.5W/mK for the material. Determine heat flow rate 
per minutes. 

Solution: 


AT 10 
Q= kA = = 45x4x3x 035° 1542.86 watt = 92.57 KJ/min(Answer) 
12. Determine ead loss in pipe B from the pipe network. 


fe 


j g@=30mm 
L=10m; f=0.02 


Q=0.5m3s3 o=75mmM 
L=40m; f=0.02 
—> 


Q=0.3m9si p=30mm 
L=15m; f=0.02 ™ 


Solution: 


We get, Q=Qa + Qp 
Then, Qg = Q—Qa = 0.5 — 0.3 = 0.2m3/s 


Q=Av; v=" 
0.2 2 
ay? ag? O00 957?) 
“Ag = aa he Ce re = 27202. 26m (Answer) 


13 A rectangular channel carries water at the rate of 10 m?/s and velocity 2m/s. 
etermine width of the channel for most economical rectangular channel. 

Solution: 

We know, for most economical rectangular channel, width is 

two times depth of flow. 

That means, b=2h 

We get, 

Q=AV; or, Q= bxhxV=2h? x V 

or,h? = 2 = 2% 


2V. 2x2 Rectangular channel 
or, h=1.58m 


“. b=2*1.58=3.16m (Answer) 


14. Draw TOP VIEW and Front VIEW without dimension. 
Answer: Same as BITAC-2016 
; Non-Departmental 
1._4 stars of Bangladesh national symbol represents-4 funding principle of the 
present constitution of Bangladesh of 1972. These are nationalism, secularism, 
socialism, and democracy. 
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Who was the president of East Pakistan during 1952?Ans: Huseyn Shaheed 
Suhrawardy 

Who was the finance minister of Mujibnagar government? Ans: M Munsur Ali. 
Who was the first president of Bangladesh? Ans: Sheikh Mujibar Rahman 

Who is the designer of the National flag? Ans: Qamrul Hasan 

Who first hoist flag outside our country? Ans: M. Hussein Ali 

VAT stands for-Value Added Tax 

Where is the headquarter of Amnesty International located?Ans: London 

When UNESCO declared Sundarbans as UNESCO world heritage site: Ans:1997 


. When was Ahsan Monjil establish? Ans:1872 

. How many brigade force was built during liberation war? Ans:3 

. When did Bangladesh enter into OIC as a member? Ans:1974 

. FIFA world cup 2018(football) will be host by- Russia 

. Elegy means- a poem of serious reflection, typically a lament tor the dead 

. BIOS-Basic Input Output System 

. FTP-File Transfer Protocol 

. Binary of 25=11001 

. Where cache memory located? Ans: CPU 

. Pencils are made from-Graphite 

. Which convert AC current to DC current: Ans: Rectifier 

. The salinity of Sea water-3.5% 

. PART CBT CINTA "1H? Gs FAH 

OF AA MPS-AOI. AH = CS 

. Metter rca safe Facer fase Ge WT +aT ; 
. FOPY BEAT CAH AOA RA IAT BEATA CBA SATS CHA FA wHS? Ge MOTTA 

. Cafes erga BING ATT fe? Ge Faehas ay 

CRAIG PAPAS CHIRAA? Gs WIT TIT Cool WAS GAT Hee Daya Wacy 


AAR BUCH ATH Io VI WET Fa T Igoe a WSS! IIA: WT : AEAoy, beay, 
RPAAq, BSAay Boni 


. Four angles of a polygon are 70°,80°,90°,120°.Find the fifth angle? Ans:180° 
. In a class, there are 120 students.60% of all boys and 50% of all girls are successful 


in a test. If 56% of all students are girls. Find the no. of girls. Ans:68 


. He has interest in science. 
. Had you not helped him, he would have taken right decisions. 
. Which type of memory is used in a computer to store the relatively small amount of 


data? Ans: EEPROM 


. We eat a large number of bacteria with-yogurt 
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34. Public schools are good but private Schools are better than that of public school. 
35. Neither Michele nor the board of members intends to attend the dean. 

36. which one protects the computer from hacking?--- firewall 

37. .The climate....... (change) rapidly nowadays. Ans: is changing 


North West Power Generation Company Limited (NWPGCL) 
Post: Assistant Engineer 
Time 10.00AM to 11.30AM 
Date:03.11.2017 
Exam Hall: BUET 
1. Draw the schematic diagram of a gas turbine with two compressors and intercooling 
with corresponding T-S diagram. 
Solution: Same as problem-16 of APSCL-2016 
2. In a pitot tube stagnation and static pressure difference is 9.8 Pa; Density of air 1.23 
kg/m. Calculate the velocity of flowing fluid. 
Solution: Same as problem-14 of BPDB-2016 
3. Find the least area moment of inertia and corresponding radius of gyration for the 
shaded area in the following fig. Given circle radius is 10mm and rectangular slot size is 
2mmXSmm. 


Solution: Same as problem-9 of PGCL-2016 

4. The module of a mating spur gear set is 3mm. Pressure angle 25°, number of teeth on 
pinion 20 and gear ratio is 3, driver pinion runs at 1500 rpm and transmits 1200W to 
gear. Calculate: Driving force and separating force acting on gears. 

Solution: Same as problem-10 of PGCL-2016 

5. Find out the efficiency for Otto cycle for the specific heat ratio (Cp/Cv) of the 
working fluid is considered as 1.50 and compression ratio is 10. If the cut-off ratio is 
1.96 then what will be diesel cycle efficiency? 

Solution: Same as problem-10 of PGCB-2017 

6. An iron boiler is 10 mm thick and has a heating area 2m”. The two surfaces of the 
boiler are at 240°C and 100°C respectively. Find the mass of the water evaporated into 
steam per minute. Given that latest heat of steam is 536kcalkg' and thermal 
conductivity of iron is 1.6X10 *keals 'm™'.eC!. 

Solution: Given, x= 10mm = 0.001m; A = 2m’; AT= 240°C—100°C = 140°C=140K; 
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K= 1.6X10°kcals'm'.°C7!; L= 536kcalkg '; t=1min=60s 
Let m be the mass of water evaporated in steam in one minute. Then, 


KA(T,—T2)t 
Q= mL= ( 1 2) 
x 
KA(T1—T2)t | 1.6x1072x2x140x60 
= py = RAC aT at LExt0 antsoxo0 50.1Kg (Answer) 
xL 0.001536 


7. A cylindrical steel pressure vessel 400 mm in diameter with a wall thickness of 20 
mm, is subjected to an internal pressure of 4.5 MN/m?. Calculate the tangential and 
longitudinal stresses in the steel. 

Solution: Question-8, North West Power Generation Company Limited (NWPGCL) 


8. A nuclear power plant name plate capacity 4000MW, its generates 32000000MWhr 
in a year and A Gas Turbine Power plant nameplate data capacity 400MW, it generates 
1600000MWhr in a year then find capacity factor of each plant. 


Solution: 
For Nuclear Power Plant: For Gas based Power Plant: 
: E 
Plant Capacity factor = baer Plant Capacity factor = _E 
arial ae 0.9132 : 1600000 ae 
4000x8760 = aren 0.4566 
.. Plant Capacity factor = 


.. Plant Capacity factor = 
45.66% (Answer) 
9. Determine refrigeration capacity in ton when m=500 kg temperature falls from 20°C 


to 0°C in 50 minutes. 


Solution: Capacity = = = — = 14KW = 4ton 


10. Find the head of a centrifugal pump from water surface when head loss 1 m and 
NPSH 4 m. Take Vapor pressure head 0.4m. . 

Solution: We get, NPSH= (H—h,) —Py; or, H= 44+1+0.4=5.4 m (Answer) 

11. Mohr circle related math, Find principal stress and draw the Mohr Circle. 

12. Sectional Drawing. | . 


91.32% (Answer) 


Non-Departmental 
ASP] AA TH ACHR SRT 
BS IA ASA CHG? Gs VOT + fS = bas 
BAAN Aa A Fs Ge YOR TS 
MYA WS -SaTAPraes faerasy 
TRON CHAT CINTA TH 2 PIA 1H 
A train of length 130m passes as platform at a speed of 45km/hr in 30 see, find out floor 
length??? Answer: 245m 


aS a eee 
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8. Ifx% of y =200 and y% of z = 400 then find the relation between z and x. Ans: x= 


9. Calculate area of trapezium 

10. Calculate area of an arc segment 

11. CTA WfGaa ALMA SCS ALANA AAAS Bre Ge 92 GPLAat 942 

12. NWPGCL S04 Sfefse Sq? Gs 28 August, 2007 

13. FSA NWPGCL 4 Sabr are BIR Vs ofb Praren7rg AeA ,CoUTATAN) 

14. Which one has test bud? Answer: butterfly. 

15. SIAM WIZ WAM POWAA BI BCA? Gs 2A CHHMal so 

16. Wal CORSA AAA PTT ATH BTA? Gs OF >AWA(99 UG, 2osv’) 

17. CA ATH CS ATH CPA YS? Gs A beautiful Mind 

18. NAST CBT GATTI ACB? Gs Capsaicin (CisH2703N) 

19. fOCAna CBG? Gs fortron GCS AeA (CH3COOH) v-s0% 8 fra fact Cola 
20. UMA TOMY COATT FFNT PS? 

CAR CNG AIC CHIPS? Gs coal-fired power plant, geothermal power plant, tidal 
power plant, nuclear power plant, etc 


Gas Transmission Company Limited (GTCL) 
Post: Assistant Engineer 
Time 10.00AM to 11.30AM 
Date:30.03.2018 
Exam Hall: BUET 
1. Gas flows at the rate of 0.05 m*/min at 30°C and 202 KPag. Determine the volume 
flow rate at atmospheric condition. Assume atmospheric pressure is 101KPa and 
temperature is 25°C. 
Solution: Similar to Problem-05 of SGCL-2017 
N.B.: as it denotes gas flow so it also can be use isentropic/adiabatic process. 
Reference problem: Thermal engineering by Khurmi-— 2.1 
2. Determine head loss in pipe B from the pipe network. 


o=30mm 
L=10 m; f=0.02 


Q=0.5 ns: g=75mm 
L=40m; f=0.02 


—>~ 


Q=0.3m4s: g=30mm 
L=15m; f=0.02 > 


Solution: Similar to Problem-12 of DWASA-2017 
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3. A250 KW engine has a thermal efficiency of 42.2%. If the calorific value of the fuel 
is 40.3 MJ/Kg, determine a) Input power of the engine b) specific fuel consumption 
of the engine in Kg/KWh. 

Solution: Similar to Problem-04 of SGCL-2017 

4. Develop an expression for the pressure difference (AP = P, — Px). 


Flaw nozzle 


Solution: 

Equating the pressure across the line of point —4, 

We get, 

Pa — hy¥1 — heya + heyy — hey2 =Pg — hyyi- h2y1 

“ Pa - Pg = ha(y2 — Y1) (Answer) 

5. A gas pipe line with a nominal dia of 500 mm and a thickness of 24 mm, delivers 1 
Mm/?/day (at standard conditions). If the gas is supplied at 100bar and 25°C 
temperature with a viscosity of 0.00012 poise. Find the Reynolds number 

Solution: Dy = 500mm 

Let, Dx = Do [as Dn is more than lin]; 1 = 0.00012 Poise = 0.000012 Ns/m? 
- Q=1 Mm?/day = 1 x 10° m?/day 
“« D; = 500 — (2 x 24) = 452 mm 
1x10® 1x10°x4 


= Gk A es x ee 21 
ih A 24x3600x=xD? ~ 24x3600xmx(0.452)? spe ee gs kns 


P __ 100x101325 . 
P= pRT >p= a woe = 115.26 kg/m? [As no specific gas is 


mentioned so, Assuming R= 295 J/KgK] 


VDj 115.26X72.13x0.452 
Rey = S$ = SE = 313.14 x 10° (Answer) 
m 0.000012 


6. A centrifugal pump delivers 0.05 m3/s of water to a height of 15.8m through a 
15cm diameter pipe and 100m long. The hydraulic and manometreic efficiencies are 


' 


74% and 86% respectively. Find the power required to drive the pump. Take 
friction factor co-efficient, f=0.05. 
Solution: 


We get, V;=Va= =2_ <<. =2.829 m/s Noman * Nh 
7%(0.15) =0.86x0.74 =0.6364 
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2 
= (he + Hq) + (hes + Ata) i 


=H reel ade. 
= 2g 

2 2 

0.05X100x(2.829 2,829 
15 pa ORR ee 998m 
; H 77981 0%0.05%29. 8 eee 
yp = Pedi _ 2Broxmosxte8 =22.968 KW (Answer) 
7 0.6364 


7. Discharge pressure of an air compressor is 2000Psig & inlet pressure 100Psig.How 
many compressors will be needed if the compression ratio is between 3 to 5? 

Solution: Given, 

Inlet Biessure, ft ee ee pressure, P,+1 =2000Psig 


Taking “™=* =3 
Soi Pati1i Poti _ /Pnti,\> 
Olea. P, ) r, Ph ( Py yn 
2000, 7 x 
or, 3 =( TS yz or, 5= aed 
or, log 3 =5 x log 20 or, log 5= * log 20 
“n= 2.72622 “n= 1.80=2 


-“-Number of compressors is 2 (Answer) 

N.B.: This problem is similar to the Question-08 of HGECT: 2017. This is another 

possible solution. 

8. In a certain double pipe heat exchanger hot water flows at a rate of 5000 kg/h and 
gets cooled from 95°C to 65°C. At the same time 50000 kg/h of cooling water at 30°C 
enters the heat exchanger. The flow conditions are such that overall heat transfer 
coefficient remains constant at 2270 W/m’ K. Determine the temperature of water 
at outlet condition. Assume for the both the streams c, = 4.2 kJ/kg K. [similar, data 


are not same] 


Solution: Given: ry = > = 1.389 kg/s; thr = 95°C; thi = 65°C; 


: 50000 
Me = 3600 = 13.89 kg/s; te, = 30°C; U = 2270 W/m K; 
Cph = Cyc = 4.2 kJ/kg or 4200 J/kg K 
Q = Heat lost by hot water = Heat gained by cold water 
MnCph x (tha 7~ tha) a MCy¢ x (tee _ te) 
=> 1.389 x 4200 x (95 — 65) = 13.89 x 4200 x (t,2 — 30) 
= 30= 10 X (tz — 30) 
 teg = 33°C (Answer) 

9. Draw SFD and BMD. 
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JOKN 


10KN 


70KN 
10. The bob of a 2m simple pendulum describes an arc of circle in a vertical plane. If 
the tension in the cord is 2.5times the weight of the bob for the position shown, find 
the acceleration of the bob at the position. 


Solution: 
DF, = mat 
Or, mg sin30°= ma; 
“ay = g sin30° = 9.81x sin30°=4.9 m/s? 
(Answer) 
yFy = may 
Or, 2.5mg- mg cos30°= may 
“ay =2.5g - g cos30°=16.03m/s? (Answer) 


11. The flywheel of a steam engine has a radius of gyration of 0.5m and mass 300kg. 
The starting torque of the engine is 1000 N-m. Determine angular acceleration of the 
flywheel. 

Solution: t = la 


—~t Tt _ 1000, 2 
On d= s=_ at Joox~og? 13-33 rad/s° (Answer) 
12. Same as problem-08 of DWASA-2017. 


13. Draw the TOP VIEW and FRONT VIEW. 
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Right side view 


Titas Gas Transmission and Distribution Company Limited 
Post: Assistant Engineer (Mechanical) 
Date: 27.04.2018 
Exam Hall: BUET 
Total Marks-20(Analytical)+30(GK)+50(Dept.)=100 

1. A pipe has inner and outer radius of r, & r, and a fluid is passing through it with heat 

transfer co-efficient hj, Surrounding air heat transfer co-efficient is h,, thermal 

conductivity and length of pipe is K and L, If area is A then draw the thermal resistance 

network and write down the equation of heat loss. 

Solution: 


Toi 
Rtotal=Reonv.a + Reyt + Reonv.2 Q= aotoias 


T2 R 
1 in(*) 1 total 


> (21r4 L)hy 2mLk (2tmr2 L)hz 
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In a vapor compression refrigeration system enthalpy at suction of compressor is 192 
KJ/Kg and enthalpy at exit port of compressor is 212 KJ/Kg and enthalpy at the entry 
port of evaporator is 81 KJ/Kg. Determine the COP of this system. 


Solution: 
From the p-h diagram, 

h,= enthalpy at suction of compressor = 192 
KJ/Kg 

h2= enthalpy at exit port of compressor = 
212 KJ/Kg 

h,= enthalpy at the entry port of evaporator 


=81 KJ/Kg 
Refrigeration effect 

We know, COP = —_eee 
Compressor work 


hi-h, 192-82 _ 110 
= is Soret eee =5.5 (Answer) -- Enthalp & fk ket 
Determine the LMTD for the following heat exchanger. 
Solution: Same as previous year question. 
Why draft tube is used in hydro-electric power plant? Show its position in a 
hydroelectric power plant with sketch. 


Answer: 
The main functions of draft tube is 
* To allow the installation of turbine above the tail race level without loss of head and 
* To convert major part of kinetic energy coming out of runner into pressure energy. 


Head Water 
Leve 


edy aunssaid 


see cas 
i ransformer,- ] 


ee yi 
Control Fe al 
a a (=) 
CJ 


Tower r 


Water Flow 


Pressure oo 
Tunnel 


Surge Tan KO 
Pen Sec 


level (32 sie. 


Define viscosity? Write down Newton’s law of viscosity. 

Answer: See at Page (3-1 of fundamentals of mechanical engineering book volume-1) 

Draw block diagram of Rankine cycle showing different processes name. Draw its 
corresponding T-S diagram. 


Solution: Same as previous year question. 
A pump delivers 0.050 m?/s water to a total height of 15 m. Length and diameter of 


pipe is 20m and 155 mm respectively. Overall efficiency of the pump is 65%. Find the 
power required to drive the pump. Take friction factor co-efficient f= 0.054. 


xv 
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Solution: Same as PGCB-2017 
8. Write down the test name for following properties of material. 


Answer: 


9. Determine the elongation (mm) for the following spring conditions. 
Solution: Given data, k;=2KN/m , k,=8KN/m 


Spring system-1 (series), Spring system-2(parallel), 
—=— = Ky = K,+ Kz =2+8 
k Z 
Dee nts =>K, =10KNm™? 
kK 2 8 =10Nmm“? 


8 


= kis =KNm~?==Nmm=? 


Ki 2KN‘m 
kK K=&KNin 


Spring system-1 
Spring System Extensions (mm) : 
FW _5W 
1> series Xy= Sy =—mm 
ks = 8 
F W_w 
2> parallel X2=—=—=—mm 
P 2 ks 10 10 
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Solution: 


. 


Reactions at the end 


Bending moment 


11. Draw the lead vs. deflection curve for the following materials: rubber, cast iron anc 
mild steel in a tension test. 


ea 


Rubber Cast iron Mild steel 
12. Write down the difference in table for Welding, soldering & Brazing. 
| Welding = Soldering | Brazing 
The following table contains some operations. Write down the name of the tools used to 
perform those operations. 


| 
| Shaping perfectly rectangular work piece | Shaper 
[Milling, boring & drilling || Drill’Press 
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A spur gear having diameter 400 mm & teeth no 50, Determine the following 
parameters. 
Solution: Diameter, D = 400 mm Teeth no, T = 50 

Circular Pitch, P. 


Diametric pitch (Pq) 


Module (m) 


15. A pressure vessel of 60 mm inner diameter has thickness of 2 mm. Determine the 
bursting pressure when strength of vessel material is 350 MN/m72. 
Solution: Since, such type of pressure vessel fails at hoop stress, so brusting pressure can be 
determined from hoop stress formula. 


_ PD 

as ay 

=> 350 = 2x60 
2x2 


”. P =23.33MPa (Answer) 


16. Draw TOP VIEW, Front VIEW and RHS VIEW. 


a - 


FRONT 


FRONT VIEW RHS VIEW 
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Jamuna Oil Company Ltd. 
Post: Assistant Engineer (Mechanical) 
Date: 05.07.2018 
Exam Time: 3.30 PM - 5.00 PM 
Exam venue: BUET 
Total Marks — 25(Non-Dept. MCQ)+50(Written Dept.) = 75 


1. For the following hydraulic block diagram draw energy gradient line (EGL) & 
Hydraulic gradient line (HGL). 


Solution: 


valve pump nozzle turbine 


i : | 
Psd ‘ F 
2-0 pare oe 


valve pump nozzle turbine 


2. For pipe flow having diameter 8 cm, flow rate 15L/s, length of pipe 20 m, specific 
weight 0.8 then find head loss in KPa and determine the flow whether it is laminar or 
turbulent ? f= 0.0032 
Solution: Given, Dia,d = 8 cm = 0.08 m;flow rate,Q = 15 L/s = 0.015 m?/s; length,] = 20 m; 
sp. wt. = 0.8; density, p =1000x 0.8 = = 800 Kg/m3; f= 0.0032; H; =? 


We know, 


Q=AV> v=o= = 0.015 


Taz — F008) = 2.984m/s 


_ flv? _ 0.0032x20x2.9847 _ 


Head loss, H f- 2ed = ~ 9S6RIxO0R. = 0.363 m 
Head loss in KPa, H ¢ = H1Pg. _ 0.363 X800%9 81 _ 2 85KPa (Answer) 
1000 1000 


To know flow type we have to determine Reynolds number, which is a function of viscosity 
of that fluid. Viscosity is not given. Assume p = 0.00164Pa.s 


VD 0.8x1000X2.984x0.08 
a Re = hod ere 


0.00164 = 116448 


So, the flow is turbulent. (Answer) 


3. If area of a square pipe and a circular pipe is same; flow density, velocity and viscosity 
are also same then in which pipe Reynolds number will be larger? 


Solution: We get, Reynolds number, Re= “ ; Since area, density, velocity and viscosity of 


a square and circular pipe is same then Reynolds will vary only for hydraulic diameter = D. 
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Hydraulic diameter for square, 
__4xcrosssectionalarea 4xA__ 4xa? 


wetted perimeter P 4a 
=v0r2 = 1.77248r 


Hydraulic diameter for circular pipe, 
,_ 4xcrosssectionalarea_ 4xA _ 4xtTtrr? __ 
wetted perimeter P 2nur 


A=a* = tr? A= tr? 
As the hydraulic diameter for circular pipe (=2r) is greater than the hydraulic diameter 
for square pipe (= 1.77248r) So Reynolds number for circular pipe will be greater. 


4. Write down the three dimensional heat transfer equation in Cartesian co-ordinates & ~ 
state the equations for its different boundary conditions. 
Answer: Three dimensional heat conduction equation in Cartesian co-ordinates is 
a ee eee Lm 
dx? Sy? 622 kK a” Bt 
Where, k= thermal conductivity and a = thermal diffusivity = 


1. Steady state (Poission equation) 


&?T 


&’T  &T ,q_ 

6x2 By? | S22 ok 
2.Transient, no heat generation Or gO 7 OT vd: 8t 
(Diffusion Equation) 5x? by? bz? at 


3. Steady sate, no heat generation Seek OT a 
(Laplace equation) 8x2 By? &z? 


So 


5. A pressure vessel having diameter 400 mm, internal pressure 50 MPa, Maximum value 
of tangential and longitudinal stress is 140 MPa and 190 MPa respectively, find out the 
thickness of the pressure vessel. 


Solution: Given, D = 400 mm; P = 50 MPa; o; = 140 MPa; o, = 190 MPa; thickness, t = ? 


, PD eos PD ‘ 
Here, tangential stress, er Longitudinal stress, o,= a 
PD _ 50x400 PD _ 50x400 
ie = / Aoi t= — = —— _= 26.32mm 
Zor 2140 40, 4x190 


-. Safe thickness for the pressure vessel = 71.42 mm (Answer) 
6. Draw the T-s diagram of a vapor compression refrigeration cycle. Calculate COP of the 
bellow p-h diagram. 
Solution: From P-h diagram, 
h,= enthalpy at suction of compressor = 234 KJ/Kg 
hz= enthalpy at exit part of compressor = 290 KJ/Kg 
h,4= enthalpy at the entry port of evaporator =65.5 KJ/Kg 
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t Des b2 = 790 KL KS 
Zz Condensation 2 
a ea 

& & s 

§ 2 & 

Loa 3 > 

| , o  __- Brapuretion bi =234 K-KE 

a 4 ! 
be 264.4 KSkg 
Entropy ————>- 
T-S Diagram : 
Enthalpy, K!I/Kg 
cooling effect hy—-h 234-65.5 168.5 
« COP = See at = SO = = 3.0089 (Answer) 


compressor work h2-h;, 290—234 56 


/ Derive the equation for elongation of bar due to its own weight hanging vertically 
having length L, mass m, area A, modulus of elasticity E. 

Solution: 
As the Self weight works on centroid of the bar then 
for elongation active length will be half if the total 
length. Length for elongation L’= L/2 


Load = W = mg 

We get, elongation, 6 = ae 
_mgL/2_ mgl 
"AE 2AE 


. A parallel flow pipe heat exchanger is to heat water by ethanol of 10000 Kg/hr from. 
64.5°C to 38.2°C having specific heat 1905 J /Kg.K. Water at a rate of 7000 Kg/hr is 
heated. If water enter at 8°C and have specific heat 4180 J/Kg.K then find out the exit 
temperature of water & LMTD. 

Solution: ‘ 
Given,me=10000K g/hr; Te jn =64.5°C=64.5+273=337.5K; Te out=38.2°C=38.2+273=311.2K; 
ATe= Tein- Teout = 337.5 — 311.2 = 26.3 ; Se =1905 J /Kg.K ; my, =7000 Kg/hr ; Ty in= 8°C 
= 8+273 = 281; ATw = Twoout Twin= t-281; Sy=4180 J /Kg.K ; Tyou=t=? LMTD=? 
Heat released by ethanol = Heat absorbed by water 

MeSeAT. = MywSwATy r 
= 10000x1905 x26.3 = 7000x4180x (t-281) 


ethanol 


=> t=2g] + TODRAOK263 = 281 + 17.1 =298.1K 
7000x4180 a 
“. t=298.1K=25.1°C (Answer); a 
Again, AT, =64.5—8=56.5; AT)= 38.2—25.1 = 13.1 
We get, 
LMTD = on = a = 29.7 (Answer) 
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A steel pipe is under load of 2000N; length of the bar is 2m and is under maximum 
stress of 150MPa. For that condition maximum deflection is 30 mm, then find the 
required diameter. E=200GPa. 


_ Solution: Given, P = 2000 N; L= 2 M; Omax = 150 MPa; max = 30 mm; E = 200 GPa; 


diameter, d =? 


P 
We know, Omax = a = = oP 


_4x2000 | 
=>D= = 412mm 
neal mX150X106 
Again, 


PL PL 


bmax = oud 


4xX2000x2x1000 
=>D= =0.92mm 
=e “WX 200X109X30- 


.. Required diameter = 4.12 mm (Answer) 


10. The bob of a 2m simple pendulum describes an arc of circle in a vertical plane. If the 


tension in the cord is 2.5times the weight of the bob for the position shown, find the 
velocity of the bob at that position. 


Solution: 
DF, = may 
= 2.5mg— mg cos30°= may 
“Ay =2.5g — g c0s30°=16.03m/s? 
; v? 
Again, a, = - 
> v= Vay, XI 
=> v= v16.03 x 2 
=> v= 5.66 m/s (Answer) 
1. For a belt system initial pull is 2500N, angle of smaller pulley is 150 degree, 
coefficient 0.25, velocity 6.5 m/s. then find the power transmitted. 
nswer: Given, T; = 2500 N; 8= 150° = 150 <= 0.25 ; V=6.5 m/s ; Power, p = ? 
We get, 


* Tay ’ 
Initial Tension, T; = arc Again, + =e® 
TAT 
=> 2500= + To = T, =—b =~ = Ta 
: es eo 25x150xza5 1.9242 
Ty + Ty = 5000 ooo cece cc cee 
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Solving equation (i) and (ii), 
T, = 1709.88 N and T, = 3290.16N 
Power, p = (T,-T2) V= (3290.16 — 1709.88) x 6.5 = 10.27 KW (Answer) 


12,/ Draw TOP VIEW, FRONT VIEW and RHS VIEW. 


<5 


ee cE 


Bangladesh Power Development Board (BPDB) 
Post: Assistant Engineer (Mechanical) 
Date: 20.07.2018 Exam Hall: BUET 
Total Marks-Non-departmental: 80x 0.5 = 40; Departmental=60 
[Non-Departmental= Math-5+ Computer-5+Bangla-10+ English-10 + GK- 10] 
. Find the value of h? 
Solution: 
We get, 
4x 16+8x136=hx1+5x 13.6 
=> h = 47.6 cm (Answer) 


. A pipe has inner diameter 50mm and two gauge pressures are 100 KPa and 97KPa. 
If the viscous loss is 0.5 m of water, find the flow rate inside the pipe. 


Solution: Given that, P; = 100KPa; P, = 97KPa; H; = 0.5m of water 


P v2 P V2? 

We get, ~+2+4+2, =4+4+2,+H 
— y 2g + ae 2g e 2 L 
Vi? _ P2 , V2? Py 
= S4+St42,4+H -S-4 
yk, Cae ee aie 
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Vi? _ 97x10 __ 100x103) 
oy 2g 9.81x103 BL 0 + 0 i 0.5 9.81x103 0 _ 0.1942 


>V,2=3.81 «V,=1.952m/s 
»Q= AV, = x D2 XV; == x 0.05? x 1.952 = 3.83 x 10°-3m?3(Answer) 
us. The hattom of a water containing tank shown below is of 2m wide rectangular shee 
Y but into a quadrant link of radius 3m. Tank is 2m wide. Find resultant hydrostatic 
force on curve sheet. 
Solution: 
Horizontal force, 
F, = Total pressure force on OB 
= pgAh 
= 1000 x 9.81 x 3 x 2x (1 +5) 
“ F, = 147150N _ 
[area of OB= OBX2=3 x2; h = Depth of C.G. of CB 
from fee surface = 1 + : ] 
Vertical force, 
= weight of water supported by AB upto free surface 
= Weight of portion DABOC 


= Weight of DAOC + Weight of water is AOB 

=pg [Volume of DAOC + Volume of water is AOB] 

= 1000 x 9.81[(1 x 3 x 2) + (x 3? x 2)] 

Fy, = 197545.61N 

.. Resultant hydostatic force = ¥1471502 + 197545.612 

= 246327.8N=246.33KN (Answer) 

4. Draw the typical characteristic curve of centrifugal pump showing the design/duty 
point. 

Answer: Here, Point A is the operating point (where system curve and head curve meets; 

system curve is a function of elevation or static heat including major and minor losses.). 

Point B is the design point (consider at best efficiency point). 


Head (H) 


Efficiency (n) 


—— > Efficiency (n) 
> Power (P) 
ww Head (H) 


ae Discharge {Q) 
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. Bsfe of a diesel engine is 240g/KWhr. Calculate diesel consumption rate in litre/hr. 
Electric load is 30KW and alternator efficiency is 90%. (s.gr. 0.85) 
Solution: 
[Here, Electric load = alternator output; alternator input = Brake power] 


: Electrical load _— 30 _ 
We get, alternator efficiency, na) = Smneoowee” = Barke power = eta 33.33KW 
= me : Boy yas, gxKw axe & = 
Bsfc Beienowe => me = 33.33 x 240 ori 8000 i 8Kg/hr 


P 8 ‘ =) : 
Ve = ETT 9.41 x 1073 m3 /hr = 9,41 litre/hr (Answer) 


. Draw schematic diagram of reheat Rankine cycle and its T-S diagram and mention 
the efficiency with enthalpy of corresponding points. 
Answer: 


Reheating 
High-pressure 3) 


turbine 


Low-pressure 
turbine 


(h3—h4)+(hs—he)—(hg—hy) 
(h3—h2)+(hs—h,4) 


[Remember eee ee 
q Boiler+Reheat 


. (h3—hz2)+(hs—h4)—(he—hi) 
or, Thermal Efficienc a SS Sse 
’ yn (h3—ha)+(hs—hy) 
_ Boiler+Reheat—condenser. 


Boiler+Reheat J “ ; 
Better to Know: Methods to increase the efficiency of the Rankine cycle 


1, Lowering the condenser Pressure, 2. Superheating the steam to high temperatures and 
3. Increasing the Boiler pressure 

7. A5 Ton refrigeration system consumes 3.75 kW find the COP and EER. 
Solution: Given, Refrigeration Effect = STR= 5x 3.5 KW = 17.5KW = 60000 BTU/hr 
[1Ton=12000BTU/hr] 


We get, COP = Refrigeration Effect = 17.5 467 (Answer) 


Power input 3.75 
EER= Refrigeration Erteck (BTU/hr) 2 60000 = 44 (Answer) 
Power input (W) 3.75x1000 ‘ 
Better to Know: EER= 3.412xCOP and EPR= COP + 1; 
8. A 2KN cylindrical tank, 2m diameter, is to be raised over a 1m high obstruction. A 
cable is wrapped around the tank and pulled horizontally as shown. Knowing that 


Thermal Efficiency, n = 


[Remember, ny 
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the corner of the obstruction at A is rough, find the required tension in the cable 
and the reaction at A. 


Solution-01: 
FBD: 


T R=F, 


1 
We get, tan == 45° 
From force triangle, 
2c 2 
cos8 cos 45° 


= 2.83KN (Answer) 
T= 2tan@ = 2tan45° 
= 2KN (Answer) 
Solution-02: 


Ze 


uN 


or, R=2x V2=2.83KN (Answer) 
and, T= 2KN (Answer) 


Solution-03: 


R 


135° 
T 135° 
90° 


2KN 
Ts ciRes = 2B 
sin135° sin90°_— sin135° 


——~ = 2.83KN (Answer) 
sini35 
T = 2KN (Answer) 


9. The module of a mating spur gear set is 4mm. Pressure angle 25°, number of teeth 
{ on pinion 20 and gear ratio is 3, driver pinion runs at 1500 rpm and transmits 
| 1000W to gear. Calculate: Driving force and separating force acting on gears. 

Solution: Given, m=4mm; 0=25°; T=20; gear ratio=3; N=1500rpm; P=1000W 

Driving Force, F, =? and Separating Force, F, =? 


D 
We get, m= = 


Or, D = m x T = 0.004 x 20 = 0.08m 


Now, P= ae 
Px60 


Or,F, === = 


TDN 


1000x60 


1X0.08X1500 


= 159.15 (Answer) 
Again, F, = F, tan @ 
= 159.15 x tan25° 
= 74.21N (Answer) 
10. A thin walled steel boiler has a mean radius of 40mm and its thickness is 2mm, 
assuming the internal pressure is 25MPa, find out the (i) longitudinal stress, (ii) 
hoop stress and (iii) the maximum shear stress. 


G= pressure angie 


F; 


R= radius 
of Pitch Circle 
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Solution: Given, D = 80 mm; t = 2mm; P = 25MPa; o; =? 0, =? 
Here, Longitudinal stress, o,= i 


| = 228° = 250MPa (Answer) ~ 
4x 


: PD 
Tangential stress, o,= =e 


Or = ee 500MPa (Answer) 


Maximum shear stress, Tmax = at = = C= = 125MPa (Answer) yt, 


Reference: A text of Machine Design-R.S.Khurmi, problem No. Eample-7.2 


Better to Know: Article 7.4 and 7.5 from above book focusing on the efficiency. 
Maximum shear stress, Tax= ~ 
.A concentrated load P is applied at the midspan of a simply supported beam of 
length L. Draw the bending moment and shear force diagram and identify the point 


that has highest tensile stress. 
P 


At the point at which load P acts, the bending 
moment at that point is maximum. At this poir 
— the beam will be most critically stressed. 
P/2 


a 


P/2 


Tey Explanation ‘ 


ye 
‘i 
He 
ii 
We 


Front View 
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Biman Bangladesh Airlines Ltd 
Post: Assistant Engineer (Mechanical) 
Date: 13.07.2018 
Exam Time: 10:00 AM — 11:30 AM 
Exam venue: MIST 
Total Marks — 50(Non-Dept. MCQ)+50(Written Dept.) = 100 


MCQ: 
1. CAAB- founder 1985 


. ICAO - International Civil Aviation Organization 

. Caan festivals 2018 award- Plame d’Or winner : Shoplifters 
. 2018 FIFA world cup football name- Telstar 2018 

. Writer of “ The Old man & The sea” Ernest Hemingway 

. Present UN president is from which country : Portugal 

. Many computers are connected to a common computer : Star technology 
. USB : Universal Serial Bus 

. What kind of device is scanner : Input Device 

10. Primary function of BIOS : Save OS 

11. 2, 3,5,7 are : prime numbers 

12. product of two consecutive number can be written as: n’+n 


Comrmn A 1 SW WN 


1 
13. ¥5 can be also expressed as : 53 
14, 4**"'= 32, then find x ? x= 3/2 


1. A 4 cylinder petrol engine has developed MEP=650 KPa, it's engine dia is 80 mm, 
stroke length is 100 mm, speed 3000 rpm. Find engine power in KW ? 


Solution: Given data: 
Since the stroke is not mention, so let us | K= no of cylinder=4 
consider a four stroke engine. \ P=MEP=Mean Effective Pressure = 650 KPa 
We know, d=dia=80 mm = .08 m 
Indicated power, P =~" A= area == d? = 0.08? = 5.0265 x 107m? 
= L = stroke length = 100 mm = 0.1 m 

p = 950% 0.1X5.0265 x107*x1500%4 N= speed = 3000 rpm 

60 n = N/2 , for four stroke engine = 3000/2 = 


1500 
P = 32.672 KW P = engine power (KW) = ? 
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2. For counter flow heat exchanger T))=160°C, Ty2=125°C, T..=20°C, T.=80°C , Draw 
temperature distribution curve. Also Find arithmetic mean temperature difference & 
logarithmic mean temperature difference. 


Answer: Counter _ flow __temperature | Given data: 
We know, distribution: Tni=160°C 
AMTD= avg. hot temp. — avg. cold} |. Th2=125°C 
temp. T.=20°C 
= “he i: ratte Saad T2=80°C 
Tas=128°C =9 
=160+125 _ 20480 _ 14 559 = 92.5°C AMTD = 7 
2 LMTD =? 


Again for LMTD, 
AT, = Thi- Te2 =160-80 = 80 
AT2= Th2- Ter =125-20 = 105 


we know, 

_ AT2-AT, _ 105-80 
LMTD ow AT3 = int? 

ATz 80 
a 
nee 0.2719 
Cold 

= 91.93°C oat 


\3. A wire has got dia of 20 mm, if heat transfer co efficient is 20 W/m?.K and thermal 
oy Conductivity is 0.5W/m.k. then find the distance at which maximum heat dissipation 

will occur. 

Answer: we know,;that at critical insulation of | Given data: 

thickness maximum heat dissipation will occur. | h= heat transfer co efficient= 20 W/m?.K 


= = critical insulation of thickness = - K= thermal Conductivity = 0.5W/m. kK 

=? 
= 93-0025 m=25 mm apa 
4. a 1.5mx1.5mx2m tank is kept at 11m above from the ground. If a pump installed on 
ground having efficiency of 60% can fill the tank in 30 min then , find the required 
pump power. 


Answer: Flow rate, Q = eon | Given Data: 
er SOxOUSEC v= Volume of tank = 1.5mx1.5mx2m = 
Spee meet : 4.5m°* & m= mass = pv = 1000 x 4.5 = 
we know, pump power , P = = 4500 Kg; elevation, h = 11+2= 13m 

Sai oponemiesnenaons [taking that pump has to lift water from the 
- eee = 531.375 W ground to top of the tank] 
Alternate solution: 1 = efficiency = 60% = 0.6 
Pump power = mgh/nt time, t = 30 min = 30X60 sec 


= 4500x9.81x13 / 0.6 30x60 = 531.375 W_ | Required pump power, p = ? 


ae a Tre ae as ie, 
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5. Show that , specific speed of pump is a dimensionless number. 


ion: 1. .m3/2 
olution: r _ix Ge) 
wn = Si st/2* 
We know, H=—>H«V>H=— (me) 
29g Ss 53/2 
specific speed, se = 
Nv 53/2 
N, = NVQ 
H3/4 
= xV@) Thus, specific speed of pump is 
Ee 3 dimensionless number. 
m2 4 
( s2 ) 7 


6. Draw P-V & T-S diagram of otto & diesel cycle and write down the corresponding 
process name. 


1-2: lsentropic compression 
2-3: constant volume heat addition 
3-4: Isentropic Expansion 

3 4-1: Constant volume heat rejection 


Wout 


Vz = Vy VV Sy = Sz S3 = 3 


—_—_ Ss 
P-V & T-S Diagram of otto cycle 
1-2: isentropic compression 
2-3: Constant pressure heat addition 
3-4: lsentropic expansion 
Qin 4-1: Constant volume heat rejection 


24 3 


P-V & T-s Diagram of diesel cycle 


7,Find the absolute pressure in Pa of 100mm mercury vacuum pressure. 
nswer: 
bs. pressure = atm. pressure — vacuum pressue = 760 — 100 = 660 mm of mercury 
P = hog = 0.660 x 13.6 x 1000 x 9.81= 88054.56 Pa 


8. Engine power developed 40KW, solid-shafts rpm 200 , if the shaft dia is 40 mm then 
find maximum torsional stress developer in the shaft. 
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Answer: Given data: 
We know , power P = To = T . 2aN/60_- P = power= 40 KW 
T = 60P/2xN = 60x 40x 1000/ 2x . 200 = | N = speed = 200 rpm 
1909.85 Nm d= dia = 40 mm = 0.04 m 
Again, Maximum stress, Tmax = — Tmax = ? 

ae = 151.98 MPa 


9. Find the deflection of a solid circular steel bar having load 500 kg, lenght 2.5 m, dia 
60mm & E=200 GPa 


Answer: Given data: 
We know, deflection , 8 = = P= load = 5009.81 N = 4905 N 
4905X2.5 ‘i L =length = 2.5m 


~ 2.82x 10-3x 200 x10? d= 60 mm = 0.06 m eae 
= 0.0217 mm A= cross sectional area = 7d° = =(.06) 


= 2.82 x 10° m? 
E = 200 Gpa = 200 x 10” Pa 
yaa block diagram & T-S diagram for gas- steam combine cycle power plant. 


x, ® 
Dou 
Combined gas—steam power plant. 


.‘A 60 mm metal ball at 220°C is being cooled by air jet of 20°C, heat transfer co- 
fficient 200 W/m.k & 100 W/m2.K, if the specific heat of the metal ball 400 J/Kg.K, 
density 9000Kg/m?, find the temperature of the ball after 90 sec. 


p) 
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Solution: 
We know, 
hA 
Tooele. 2 (Gap) 
Ti he Ta 
= 100x47r2 
Toos — 20 =T 9000x400xSxnr2 
220-20 
Toos~ 20 _ 9~(sasqnanoxun)*2 
200 
Toog = 20 _ 5-0.25 
200 
“To93 = 200X0.7788 +20 = 155.76+20 
= 175.76°C 
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Given Data: 

d= 60 mm = .06m 
r=d/2=.03m 

A= surface area of metal ball = 4a’ 
V = volume of metal ball = “nr 
T; = initial temp. = 220°C 

T, = 20°C 

K= 200 W/m.K. 

h= 100 W/m?.K 

C= 400 J/Kg.K 

p = 9000 Kg/m? 

t= 90 sec 

temp. after 90 sec, Ty, = ? 


ying at 200 km per hr. The rotary engine and the propeller of the plane has a mass of 


frie aeroplane makes a complete half circle of 50 metres radius, towards left,when 


400 kg and a radius of gyration of 0.3 m. The engine rotates at 2400 r.p.m. clockwise 
when viewed from the rear. Find the gyroscopic couple on the aircraft. 


Answer: 

we know, @ = 2xN/60 = 22 x 2400 /60 
= 251 rad /s 

Moment of inertia, 

I= mK? = 400 x 0.3 = 36 Kg-m? 
Angular velocity of precession, 

Wp = V/R = 55.556 / 50 = 1.11 rad/sec 
Gyroscopic couple , C = I.a.@p 

6 X 251 Xx 1.11 = 10.046 KN-m 


COP. 


Answer: 
We have, 


Cooling effect 
COP = pea ial ed chee 
compressor work 


_hy-hy _ 232-116 
ha—-h, 283-232 


Given Data: 

R=50m 

V= 200 Km / hr = 55.556 m/s 
m= 400 Kg 

K=0.3m 

N = 2400 rpm 

gyroscopic couple, C = ? 


4 


. In a vapor compression refrigeration cycle inlet condenser enthalpy is 283 KJ/Kg, 
exit condenser enthalpy is 116 KJ/Kg, exit evaporator enthalpy is 232 KJ/Kg, Find 


Given : 


3 
se 
a 
Ss 


Evaporation 
I h1 =232 KJKg 


Expansion 


Pressure, kPa 


Enthalpy. kJ/ke 


According to the P-h figures, 

ho= enthalpy at inlet of condenser = 283 KJ/Kg 

hy= hg= enthalpy at exit of condenser = 116 KJ/Kg 
h,= enthalpy at the inlet of compressor = 232 KJ/Kg 
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14. Draw all necessary orthrogrphic views of the following objects. 


Bangladesh Rural Electrification Board 
Post: Assistant Engineer (Mechanical) 
Date: 08.06.2018 
Exam Time: 10:00 AM — 11:30 AM 
Exam venue: MIST 
Total Marks — 60(Non-Dept. MCQ) +40(Written Dept.) = 100 
1. What’s type of reactor will use in rooppur nuclear power plant? VVER-1200/523, VVER- 
1200/521, VVER-1000/523, VVER-1000/521 
2. Types of transponder of bangabandhu satellite-1? 26(ku-band) & 14(c-band), 24(ku-band) 
& 16(c-band), 16(ku-band) & 24(c-band), 14(ku-band) & 26(c-band) 
3. If length of a wire is 0.1% increased, resistance will be increased by? 0:2%, 0.3%, 0.4%, 
0.5% 
If distance between sun and earth decreased by half, how many days will make a year? 
130, 139, 125, 129 


Solution: 
We know, Given Data 
Kepler third law, T? = R? T,=365 days 
3 r3 R,;=R 
_BuiR? y BG og = 238 20days_ T=? 
"Ty aes ol al es ae a y as 
Ri2 R2 Rz = R/2 


“Aspect ratio of a TV screen is 16:9 (width: height), if perimeter of screen is 100, calculate 
width of screen? 
Solution: 2(16x+9x) = 100 Or, x =2 -.Width = 9x =9x2=18 
4-1f 5 tickets are sold in price of 3 tickets, what's the amount saved while buying them? 
33.33%, 66.66%----- ----- 
7 If regular price of a book is of 20% discount of its original price and on an occasion 15% 
iscount is given on regular price, what's the actual discount? 20%, 30%, 32%, 38% 
If original price is 100 tk then, — 
100( 1-0.2) x (1-0.15) = 68 tk , discount = 100 — 68 = 32 % 
[: 8. Google's actual company name is- Google Inc, Google Corporation, ------------ y wroreeseee 


Fundamentals of Mechanical Engineering QB-211 


9. An object of 1000 kg entered earth, earth radius 6400 km, gravity 9.81, with what velocity 
the object will hit earth? 11.2 Kim/s, 12.2 km/s, 12 km/s, 11 km/s 

10. A rectangle's length is thrice its width & perimeter is 36 m then find the width? 

9m, 4.5 m, 10m, 18m 

2(x+3x) =36 or x= 4.5 m, width = 4.5 m eer 
11: There were 8 girls, 20 boys on Thursday Next day girls joined twice the-boys left, now 
girl: boy ratio is 4:1, how many boys left Thursday? 12, 6, 11,9 

12. Fitba CHTBOS GOTTA SST BITE? Conta ae acer out zea fiat 

13. una food TRA Gem Wem Ue Of aT GO 42 oN AfeTOI > Rudra 
Mobammad Shahidullah 

14. The longest sea bridge of world connected three countries: Hong Kong-Zhuhai-Macau 
15. The opposition if word "Suffrage”? 

16. “PLAY WITH AN OPEN HEART” a slogan from which country in world cup FIFA 
2018? 

17/13 Hh cea CBAC? feusigTE = ys 

3A. Calculate P™ value for 2% NAOH solution. 


nswer: Given Data 
We know, 2% NaOH ~ 2gm NaOH in 100 
Concentration, S=[OH]= ~—™ = S°8** — 9 5 uw ml solution 
eae - W=2em & V=100ml 


again, PO" = - log jor] ] = - log [0.5] = 0.301 
We have, P! +P 

Piy= 14- P= 14- io = 13.699 

37. a) Determine the area enclosed by y=x’, x axis, x=1, x=3 lines 
nswer: 
From figure, let f(x) = y = x? & g(x) = y=0 
limiting functions, x=1, x=3 

By integration, 


Area = is aU (x) — g(x)}dx 


a ee ~ O}dx = Sen * x2 2dx 
1 _ 26 


Myaou = 23+16+1 = 40 
Concentration,S=[OH ]=? P!! =? 


Pa =(2]-(f]- 4-4-4 
b) A car running at 72km/h and siete U turn in 4 sec. what is the acceleration of the 
car? 


Answer: Given Data 
Acceleration while | V = 72 Km/hr= 20 m/s 
aie). U-turn, t=4sec 
distance travelled, s = vt = 20 x 4 
= eae =80m 
= 15.07 m/s’ - | again,s=r7 


hence, r = s/ 2 = 80/x = 25.464 m 
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33. a) Steel pipe of 120mm dia rests horizontally having temp of 25 degree Celsius, 
K=0.05 W/m.k, nusselt number =30, calculate heat transfer coefficient. 


Given Data 

Answer: L.= Characteristic length= hydraulic dia for pipe= 4A/P 
We know, = 4 x (aD*/4)/ xD = D=120 mm = 0.12 m 

Nusselt number, T= 25+273=298 K 

Nu=hL,/K K=0.05 W/m.k 

h=Nu.K/L, Nu = 30 

= 30x 0.05 /0.12 h=? 


12.5 W/m’, K 
b) Sum of two numbers is 20, if cube of one number multiplied by other is a maximum, 
calculate the two numbers. 
Answer: 
x+y=20 ---- (1) and x*y is maximum 
Now take the value of y from equation (1). 
=a (20—x) = 20x?—x4 
Now differentiate in terms of x and putting it equal to 0 which is the slope of the graph at the 
maxima or minima 
0=60x’— 4x3, which gives x = 0 or 15 
As j£x = 0 here comes minima thus x = 15 which makes the numbers as 15 & 5 
. a) A gas with 27 degree Celsius temperature, atmospheric pressure, suddenly 
ompressed to half of its original volume, calculate final temperature and pressure. 
Answer: Given Data 


Sudden compression = isentropic | Again, T, =27+273= 300 K 
process P,/ P) =(Vj/ V2)" P, = 101325 Pa 
T2 / Ti = (V,/ V2) P2= Pi x (V;/ V2)" Vi= Vv (let) 
Tz =T, x (Vj/ V2)? = 101325x (V/0.5V)'4 | V2=0.5V 
= 300 x (V/0.5V)o*) = 101325x (2)'4 T2 =?, P2=? 


#300 x (2)°4=395.85K = 267398.3 Pa y= 1.4 
bySingle point cutting tools having Taylor Exponent 0.25, if cutting speed is halved, 
hat will be the tool life? 


Answer: We have, Given Data 

Taylor’s equation for tool life expectancy , n= Taylor exponent = 0.25 
VT"=C V\ =cutting speed= V (let) 
“Vy T," =V), T," T, = tool life= T (let) 

or T2=T) x (V1/ V2)" = T x (V/ 0.5V)?9) V2 =0.5V 

=T x (2) = 16T hs? 

So, gutting speed is halved then tool life will be increased by 

19” times 


».a) A pump having head of 50 m, flow rate 60 liter/sec. if the suction line is 100 m long 
& diameter 100 mm, pump has overall efficiency of 70%, the find power required to 
' drive the pump. f=0.003 
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Answer: we know, Q =AV Given Data 
we know,power , V=Q/A=Q/(nD7/4) H=50m 
— YHQ =(.06/{2(0.1)7/4)] = 0.764 m/s Q= 60 liter/sec = 
9.81%1000%50.40475x0.06 Total head =H+HatHs 0.06 nr’/s 
——— eine ariot 1=100m 
= 42.383 KW 2g ae ; d=100 mm=0.1 m 
= 504 @ 768) 4x0.003x100x(0.764) Noump = 70% = 0.7 
2x9.81%X.1 f=0.003 
= 50+0. 3975+0, 375= 50.40475m ; 
Power, P =? 


Automobile engine has weight of 240 Kg, rested on four springs, front spring has 
spring constant of 16 MN/m, other springs having 32 MN/m. Find frequency at which © 
resonance will occur. 


Answer: Given Data aa 
We know, frequency at | m= 240 Kg aa [\ 
which resonance will | K=Equivalent spring 
occur, constant 

a. foeaact =Krit Kt Kort Koo ae (2 
f=> [i= = 16+16+32+32 a3 = = 
= 100.618 He : = MN/m \ Sitptiassadapeeatailes | 
36.a) A tyre is designated 145/70 R 12 69 S. What do you understand by "145/70 R”? 
Ans er: - 4 ce os: 0 eee ee 
LATOR mens, | no | 

e section width or thickness of tyre from : 


145/70 R 12 639 S 


shoulder to shoulder is 145 mm. 

The aspect ratio is 70%, aspect ratio is 
defined as the ratio of section height to 
section width of the tyre. In this case it nmin Apc aby 
means section height is 70% of section eminal Section With (enn) 
width 1, e; 101.5 mm. 


R represents that the tyre is radial. 


bYA hydroelectric turbine having head of 24.5 m, flow rate 10 m?/s, efficiency 90% and 
peed 4 rps, which type of turbine to be used. 


Ans: Given Data 
We know, turbine power H=24.5 m 
Piurbine = YHQn = 9.81 x 1000 x 24.5 x 10 x 0.9 = 2163.105 | Q= 10 m°/s 
KW n=90%=0.9 
Again turbine specific speed, N = 4 x 60 rpm = 240 rpm 
r r Types of turbine =? 
NvP 240V2163.105 


As specific speed is between 50~ 250 so Francis turbines should be used. 


QB-214 m Job Solution 
La (a) Solid circular Shaft having diameter 60 mm & torque 2000 Nm, Find maximum 


shearing stress in that shaft ? 


Ans: Given Data | 
We know, D = 60 mm = 0.06 m 
_ 16T _ 16x 2000 T = 2000 N-m 
bei nD* x x(0.06)° Tmax =? 
= 47.156 Mpa 


North West Power Generation Company Limited (NWPGCL) 
Post: Assistant Engineer(Mechanical) 
Time 10.00AM to 11.30AM 
_ Date:22.09.2018 
Exam Hall: ECE Building, BUET 


l/ A power station has to supply load as follows: 


Time 6-12 


12-14 14-18 18-24 
Hours 
Load(MW) [30 —s«([(90si(sis—“(i‘iONSC—“(<;eSSSOCCCSdY 
Solution: 


re) 
2 0. 


A a 
o °6 


nN 
° $8 


—»eLOADC MW) 
eo £ 
2 oO 


O2 4 € B 10 12 i 16 18 20 22 2u 
, == TIME C HOURS ) 


Average Load= —E—EErrve = 64160KW 
Maximum Demand= (100 x 1000)KW 
-. Load factor = _. =0.6416=64.16% (Answer) 


‘ Write the name of the below power plant and draw corresponding T-S diagram 
Solution: 


The below power plant is Rinkiné cycte-with open feed water heater. 


- 


Lf 
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a oe 
TURBINE | ata 
BOILER 
°o 


a 


aC 
& 
ASP ee ee 
ae on 
a ie rage 


3. Draw the pressure-velocity lines for the diagram below. 


ia ) 
i | MB. 
if 
FB} i 
a om 
* i an MB. Rowing 
at ' Blades. 
ry i >~ 
me i . Fa fixed 
Aj i] ! Wade: 
; ( i ae ‘ iI ; 
. arep | ae x H {i ' ; 
fa. it H : ‘ i ee ‘ i ; _ Ns Narre 
| AY i | | | 
fo] | rE al if | 
H A i | i AS i a 
/ RY | iy i | Ari N | H i 
i i: i i fyi Nb: ' 
i ' i I, i H fyi bi { 
H ti i ; Hy i ou3 Mi zl 
t a tt yo ; At a 1 
| | are i 3 { i | j hue 
Pode i: | pe | ae i 
} | { i : tt / i i 
Pi te : paeee' wai : the { i if 
H ‘ ne, eee abe au H Vy | i 
| j : i i i f- i : iy, 
1 Mi} i i i + | 7 i ae ae PB, 
a oe aan ea 2 Et eee RDee Sea: i ae 


respectively. The glass thickness of the room is 8mm.and thermal conductivity was 0.8 
W/mk. The internal and external heat transfer-coefficient-is-15 W/m? kK J ecpectively: 
Find the overall heat transfer rate per unit area. 
Solution: 


4/ On a sunny day, the internal and external temperatures of a room was 20°C and 5°C 


Q_ t, —te zt 20-5 _ 2 
A oa, ko 00084 


fetk che 15. "700° ~ 5 
ea performance curve of centrifugal pump with the system curve, showing the 
ve and operating point. = aka 
rete 
Here, Point A is the operating point (where system curve and head curve meets; system curve 
is a function of elevation or static head including major and minor losses.). Point B is the 
design point (consider at best efficiency point). 


ae | Job Solution 


Head (H) 
\ 


Efficiancy (7) 
/ 


power (P} 


———» Efficiency (1) 
———» Power (FP) 
~~ jm Heat (H) 


system curve 


———> Discharge (Q)} / 


. Refrigerant R-134a enters the capillary tube of a refrigerator as saturated liquid at 
0.8Mpa (Tsa: = 31.31°C, hy = 95.48 KJ/Kg,h,, = 245.64 KJ/Kg) and is throttled to 
a pressure of 0.12MPa (Tyat,= 22.32°C, hes 22.47 7 KJ/Kg,h g2 = 236.99 KJ/Kg). 
Determine the quality of the_refrigeration. 


hy-hy _ 95.48-22.47 
Solution:-Quality, x = —+— = 


hgo—hy  236.99-22.47 = 0.340 (Answer.) 


Explanation: h, = he + xh; X = af = tt 


. A bar of length 3m and area 320 mm? is- supported between two rigid bodies. The bar is 
stress free at 5°C. Find the temperature at which the compressive stress will be 36MPa. 
Using E=80GPa and a = 18 x 10° m/m°C. 

Solution: We get, 


o = aEAT 
=> 36 x 10® = 80 x 10° x 18 x 107° x AT 
6 
3 AT = 36x10 5 
80x103x18 
=> T2 = Ty = 25 


> T, = 25+ 5 = 30°C (Answer) 


. A cylindrical steel pressure vessel 400mm in diameter with a wall thickness of 20mm, is 


subjected to an internal pressure of 4.5 MN/m?. To what value may the internal 
pressure be increased if the stress in the steel is limited to 120MN/m”. If the internal 
pressure were increased until the vessel brust, sketch the type of fracture that would 
occur. 

Solution: We get, o = = >Pp- error 


Sar = 12MPa (Answer) 


Expected fracture 


when internal 
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Vv 


Cc 
so 
9. Find the tensile stress and the point where it has maximum bending. hee ‘ 


. M PL PL 
Solution: Flexural Stress, o = — = =< 


S ‘phe = bh (Answer) 


6 
ot force P is applied at point C to cut a wire at point A, What will be the shear force at 


rivet of point B? ‘ , es 
As - ee Qn | b—»; ees 
<6) | | 


11. 


12; 


—_—_—— 


en a, 
Pp 
Solution: be b ode 


5 
hy : yee 
Ut es ; 


Mz = 0 
=>Pxa—-R,a Xb =0 > Rat+p+B, =0 
Pa 
RA = By =—-p=-PC= 


“By = Pe) 1 (Answer) 


A motorcyclist is running with a speed of 30m/s. Suddenly he applied brake, the 
motorbike stopped after 75m skidding. Determine the co-efficient of friction between 
tyres and road. 
Solution: ie ae 2a 
V* = U? - 2as Again, F= ma = pN vO 
> 0 = (30)?—2xax75 Here, N = mg ot aS 
=> a= 6m/s? “ma = umg pe 

>p= : = rT = 0.612 (Answer) / ~—— 

LIS 
Drawing. 
Non-Departmental a Kany : 

TH THA V2 UG HA STAY WAAAY CHUA HASTA WIR Sal AA? 
GOat Gal 99 GAT 
PAKS AC] ITC TT Ics AS =aHG CHITA AH. 


@. fees 2. farray 9. Hear SATS 
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Bea: T 
MSCs HMAS mH fs? 
Robot Sophia is developed by the company- Hanson Robotics 
Who is the current prime minister of Australia?- Hon Scott Morrison 
What is the percentage of power produced by government? 
Which one is the most common type of motor is used? 
a. two phase squreel case induction 
b. two phase induction 
c. three phase induction 
d. three phase synchronous 
Answer: a 
8. Rooppur Neuclear power plant will go into operation at- 2023. 
9. Barapukuria Coal Power Plant is located at- Dinajpur 
10. Antonym of - equivocal, impediment 
11. Synonym of- amicable 
12. In Bangladesh which one is called as “white gold’’- Lobster 
More analytical & GK questions. 


NAM RY 


Bangladesh Water Development Board (BWDB) 
Post: Assistant Engineer(Mechanical/Electrical) 
Time-10.00AM to 11.30AM 
Date:03.02.2017 
Exam Hall: ECE Building, BUET 
JS ATT CHB LAPT Ie BAB BICTA PAIS AY ACTH! SCA AIA FRET GTEIMT CHG far WS 
CG AY ATT 42 far WY FY OIoT AfSISA foeT 
1. The following ac voltage is applied to the terminals of a 6 ohm resistor. What is the 
average power dissipated in the resistor? 
Vx (V) 


Solution: 


25 50 75 100 
Vigees S| stat + | 107dt + (-10y2ac + { (—5)dt] 
100 0 25 50 75 


1 25 50 75 100 
= 7 [25Jp dt+ 100. dt+100 foo dt+25f,.° dt} 
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~ T90 125 x (25 — 0) + 100(50 — 25) + 100 x (75 — 50) + 25 x (100 — 75 


= — [25 x 25 + 100 x 25 + 100 x 25 + 25 x 25] 
= 62.5 

Vims = V62.5 = 7.90V 

Average Power = Vems" = Zan = 10.4W (Answer) 


. Find the Thevenin equivalent circuit with respect to terminals a,b for the following 
circuit. 


Solution: 
Thevenin Equivalent Voltage Vin: | Thevenin Equivalent resistance Rin: 


TIN 


Re, = (10 1 12 + 8) 115 = 7.090 
Thevenin equivalent Circuit: 


We get for 1°‘ Mesh: Ru=7.092 
i; X (145 +8412) —12i, = 75 LA A 
| => 35i,-121, =75......... (1) 
For 2" Mesh: Vz,=36.86V 
ip X (12 + 10) — 12i, = 2 < 
SD 1 Diet ert ds (ii) 


Solving eqution (i) and (ii) we get, 
i; = 2.67A andi, = 1.55A 
“Vin = Vap = 8i, + 101, = 36.86V 
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3. Assuming the diodes to be ideal, calculate the currents I, and I, in the circuit below. 


+ 5V 


3k 


Solution: 
If V>2V, Then all the diodes are forward biased and shorted. In this case 1V and 2V voltage 
is not possible, because at the same time there cannot have the same value of V. so, V>2V is 
no ture. 
If 2>V>1V, Then D2 diode will be forward biased and shorted and D, will be reverse biased 
and opened. Then, V=1V is possible. 
.. V= 1V and I,;=0 (Answer) 
co 
L= Seon a0bb o 1.33mA (Answer) 
4. In the circuit below Vep=0.7V; B= 100 and the BJT is operating in the active mode. 
Calculate the base, emitter and collector currents? 
+ 5V 


2k 


ko 


Solution: 


Here, Vep=0.7V 

We pet, Ip = —SE-EB = 9? = 215mA 
Rg 2 

Rey, = 215 = 913mA 


~ 146° = ~ 14100 
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Ip = Ip —I¢ = 2.15 — 2.13 = 0.02mA 
- The core loss and copper loss of a 6.35/0.23KV single phase transformer are 50W and 
125W respectively at 6. ow load. If the load is doubled what will be the efficiency of the 
transformer. 
Solution: 
Core loss, Peore= 50W; Full load core loss,: Pou fut toad= 125 W; 
“. Output, Pou= VAratt load. f.= 6.5K W=6500W 
oad x = doubled=2 


xxVA xp.f. 
Efficiency at x load= full loaaXP 


xX VAguil load XD-f+ Pcore +X? XPeu full load 


2x6500 = 0.9594 = 95.94% (Answer) 


2x6500+50+22x125 
. A3 phase 4 pole, 50 Hz induction motor develops 10hp at 1000rpm. What will be the 
stator input if the stator loss is 100W? 


Efficiency at double = 


Solution: 
ie 120f 12050 _ B00 Here, P= 4, f= 50Hz, 

<= = = 10erpm Pn=1 0hp=7460W 
gaNsxN _ 1500-1000 _ 9 2333 N=1000rpm 

Ng 1500 Stator loss = 100W 

P, = 1 7 = 
ar Rotor input= P, 

a = Stator input=? 
P, = 2m = 7460 _ _ 41189W 

1-s  1-0,3333 


-. Stator input = Rotor input+ Stator Losses 
= 11189+100=11289W= 11.289KW (Answer) 


. The three loads in the following 50 Hz circuits are: 

Load 1: a 100 resistor in series with an inductance of 25.4 mH. 
Load 2: a 120Q resistor in series with a capacitance of 39.75 pF. 
Load 3: a 60Q resistor in series with another 80Q resistor. 
What is the power factor of the composite load? 


Solution: 
Zeq = (100 +j 20x50x25.4x107%) || (120+ 


1 
Eee Se 
=(100+ j 7.98) || (120-} 80.07) || 140 = 43.048 —] 5.784 


(60+80) 


11. 


12 


13. 
14, 


13, 
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_ Req en 43.048 aa 
IZeq| /(43.0482+45.7847) 0.999 (Answer) 


A 240V DC series motor takes 40A when giving its rated output at 3000rpm. Its 
resistance is 0.60hm. Find what resistance must be added to obtain same torque at 
2000rpm. 

Solution: 

SolutIn both cases, Torque remains constant. But, T, «1,7. So, Armature current I, will also 
remain constant (40A). If R is the series resistance added, then, 

E,y= Vi- Ja Reotal 


“. Power factor 


Epi= Vi- I, R = 240 — 40 x0.6 =216 V When, N,=3000 r.p.m. 
Ep2= Vi- I, R 2= 240 — 40 x(R+0.6) When, N,=2000 r.p.m. 
As Armature current is remaining constant, T, « = 
Eb1 —Eb2 
Ep2 Nz 
Epi Ni 
240 — 40 X(R+0.6) _ 2000 
216 3000 


R=1.8 2 (Answer) 
A pump discharge of water is 150 m°/hr at a height of 20 m. Find the pump output power in 
KW if the motor efficiency is 67.64%. 


. Write the application of following equipments: 


Anemometer used for measuring wind speed 
flow rate of fluid.in a closed tube 
Measures high temperatures, especially in furnaces and kilns 


Dynamometer | measures the power output of an engine 
ar or | 


Tachometer measuring the rotation speed of a shaft or disk, as in a mot 
other machine 


{In another question set it was ask to] 


FY ec 
Manometer measure pressures (i 
V 


measure the rate of flow of Liquid or Gas, especially Steam 


A 6 cylinder engine has a bore dia of 10 cm and stroke length 10 cm. Clearancg volume is 


50m cc. Find the compression ratio? cet ge (eT, Palio 
[In another question set it was ask to “Find the displacement volume.” 
Write the name of six major components of vapor absorption refrigeration. oe 


Draw the T-S diagram of Rankine cycle and mention the thermodynamic processes. 

Draw the p-h diagram of vapor compression refrigeration cycle and its thermodynamic 
process. 

Draw the schematic diagram of pressure and velocity variation compounding in two stage 
steam turbine. 

[All other questions are discussed already] 
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Bangladesh China Power Company (Pvt.) Limited (BCPCL) 
Post: Assistant Engineer (Mechanical) 
Time-3.00PM to 4.30 PM 
- Date: 22.12.2018 
Exam Hall: BUET 
[Non-departmental: 60x1=60; Departmental:40] 

1. Which one is the largest rice exporting country? 

a) Indonesia b) India c) Thailand d) Vietnam 

2. In which country Bangladesh export most? 

a) USA b) Germany c) UK d) China 

3. In which year China recognized Bangladesh as an independent country? 
a) 1972 b) 1973 e) 1975 d) 1976 

4, Which one is the largest district of Bangladesh considering area? 

a) Dhaka b) Rangamati c) Cox’s Bazar d) Dinajpur 

5. Which is per Capita income of population of Bangladesh? 

a) 1325 b) 1751 c) 1450 d) 1502 

6. Which ocean is the largest one? 

a) Pacific b) Atlantic c) Arctic d) Indian 

7. What is the national fruit of Bangladesh? 

a) Mango b) Banana c) Jackfruit d) Lemon 

8. Which one is the largest carbon emitting country? 

a) India b) China c) USA d) UK 

9. Which one is the smallest country in Asia? 

a) Srilanka b) Maldives c) Nepal d) Bhutan 

10. Which country has the largest rainforest? 
_a) Brazil b) USA c) Peru d) Colombia 
11. What is the design generation capacity of Kaptai Hydro power plant? 
a) 200 MW b) 220.MW c) 230 MW d) 190 MW 

12. What is the ratio of public & private electricity generation in Bangladesh? 
a) 60:30 b) 50:50 c) 55:45 d) 45:55 

13. What is the maximum electricity generation in Bangladesh? 
a) 18000 MW b) 10000 MW c) 11500 MW d) 9000 MW 

14. What is per capita energy consumption in K Whr? 
a) 200 K Whr b) 250 K Whr c) 300 K Whr d) 350 KWhr 
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15. In a synchronize machine no of pole = 4 & frequency = 50 Hz, what will be speed? 


a) 1500 rpm 


(Hints: N=" = 225° — 1500 rpm) 


16. Why high woleses transmission line is used? 


a) To reduce transmission loss b) to increase efficiency c) to reduce capacitance d) All of 


those 
17. Which fuel is used for producing more than 50% electricity in Bangladesh? 
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a) Coal b) Natural gas c) Oil d) HFO 

18. The most common materials used in conductor? 

a) Copper b) silicon c) Silver 

19. Renewable energy contributes what percentage in total mix energy? 

a) 3% b) 10% c) 8% d) 5% 

20. Shunt Capacitance of transmission line affects which one? 

a) Real power b) Reactive power c) Frequency d) None 

21. logy/3 = 1/15, what is y? 

a) 243 

22. Which number is divisible by 4,5,6 and every time remainder is 3? 

a) 63 

23. a°—b* = 513, a-b = 3, then ab =? 

a) 54 [Hints: a’—b’ = 513 or, (a—b)’+3ab(a-b) = 513 or, 3°+3abx3 = 513 or, ab = 54] 
24. Which country will leave OPEC in 1° January 2019? 

a) Qatar b) Iraq c) Saudi Arabia d) Kuwait 

25. If x,y are odd numbers then which one is even number? 

a) xy b) xtyt+l1 c) xy-2 d) xty+2 

26. Which country will set free public transportation system from 2020? 

a) Luxembourg b) Belgium  c) Faroe Islands 

27. The Ramon Magsaysay was in the name of former president of which country? 
a) Philippines 

28. The Ramon Magsaysay award is given for the contribution of which fields? 

a) Literature 

29. In a mixture milk & water ratio is 5:2,if milk is 6 Ltr. more than water, find how much 
Ltr. water? 

a) 2 Ltr. b) 3 Ltr. c) 4Ltr. d) 5 Ltr. 

[Hints: M:W = 5:2 & M = W+6, So "2 = ° —2w+ 12= SW «.W=4] 

30. CBT TATTG BSH? a) FATT 

31. MOBS 4a Hh FATHH? a) WS + PBI 

32. CBIANG PY BAP VNC? a) BAUS CICS AA b) APY AUTH 

33. ATAG CBT WINIA *151? a) ROTLeT 

34. CBTATG CHAT =? a) foe 

35. An observer 1.6 m tall is 20V3 away from a tower. The angle of elevation from his eye to 
the top of the tower is 30°. The heights of the tower is: 

a)21.6m b)23.2 c)22.6 d)19.3 


(Hints: ““—— —4 Tower CD= CE+DE=AB+20V3xtan30°=21.6] 
36. What is terminator II? a) Movie 
37. Which one is odd: 8,27,64,100,125,216,343 
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a)27 b)100 c)216 d) 64 

(Hints: 27=8, 3°=27, 4°=64, 57=125, 6°=216, 7°=343] 

38. A motorboat, whose speed in 15 km/hr in still water goes 30 km downstream and comes 
back in a total of 4 hours 30 minutes. The speed of the stream (in km/hr) is: 

(a)4 (b)5 (c)6 (d)7 

[Hints: if speed of stream = x, downstream speed = (15 + x) Kim/hr, upstream = (15 — x) 
Kav/hr. orm + =42. “x =5 Kavs/hr] 

39. A tank is filled in 2 hrs but due to a leakage it takes 2 hour 20mins to fill the tank. How 
much time will it take to empty the tank? 


a)14hr [2hrs 20mins = 2= = = hrs «.Work done by leak in 1 hour = - - = = - _ 
3 


= Sit then, total time to empty 14hrs. ] 
14—«14 


40. In a 300 m race A beats B by 22.5 m or 6 seconds. B's time over the course is- 
(a) 86 (b)80 (c)76 (d) 79 
{Hints: B runs 22.5m in 6 seconds; so, he takes time for 300m = = 80 seconds | 


41. He has been suffering _ fever since Monday. (a) of (b) from (c) in (d) to 
42. A circle radius is r, If it increases rtn, then the area of the circle fold 2 times. What is the 


value of r? a) r = a 
(Hints: m(r + n)? = 2nr? or, (r +n)? = 2r? or,r+n= V2ror, r=55) 


43. Devoid of/with/at/in (preposition)? 
44, How many ways the word “LEADER” can be arranged? Ans: 6P6/2 = 360 
45. Ifa card is taken randomly from 52 cards, what is the probability that the card will be an 
ACE or a KING or a QUEEN? Ans: 3/13 
46. Largest day of year in which month? Ans: June 
47. Which country has started a hotline against smuggling with India? a) Nepal 
48. To advice 
49. He will leave the town _. a) recently b) immediately c)lately 
50. If a rhombus’s two corner length is 4 & 6 cm, what is the area? 
a) 2 cm’ b) 6 cm? c) 12 cm? d) 24 cm’ 
[Note: Area of rhombus = %*length of one corner*length of other corner] 
51. Tiger wood is related to which sports? a) Golf 
52. What is the sum of square of 1 to 9? 
[Note: 174+27+3°+47+57+6°+77+87+9°=285] 

53. Mr. Karim has returned wallet back to its owner? 
(a)a 
54. Eight number has average value of 14. If first six of that number has average 16, what is 
the average of remaining two numbers? 

a) 8 [Note: (14x8—16x6)/2 = 16/2 = 8] 
55. How much time will it take for an amount of TK. 450 to yield TK. 81 as interest 4.5% per 
annum of simple interest? a) 4 
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{I= Pnrn=—= = =4] 

Pr 450+(—=) 
56. A student’s average mark is 84% in 4 exams. If he wishes to raise his average marks to 
85% then what is the mark he should obtain in the 5"" exam? a) 89 [85*5-84*4 = 89] 
57. A is 2 years older than B whose age is twice of C, the sum of ages of A,B & C is 27 then 
what is the age of B? a) 10 
[A = B+ 2, B = 2C now A+BtC = 27 or B+2+B+(B/2) = 27 or, B = 10] 
58. Tajmahal is located in __? a) Agra 
59. A number 60 is increased by 50% then decreased by x% which become 70. What is x? 
a) 22.22% 
[60x 1.5(1—x) =70 or x = 22.22%] 

Departmental 

1. A power plant has peak load 75 MW. It has maximum connected load 45 MW, 30 
MW, 20 MW & 10 MW. If plant capacity is 105 MW & load factor 0.6 then find i) 
average load ii) demand factor. 
Solution: 
Here, Maximum load = 75 MW; Connected load = (45+30+20+10) = 105 KW; 
Plant capacity = 105 MW and Load factor = 0. 2 


We know, 
Average load 
Load factor = ———=——"*— 
Maximum load 


= Average load = Load factor x Maximum demand = 0.6=75 = 45 MW (Answer) 


Again, 
Maximum demand _ 75 
Demand factor = ———————— = —— = 0.714 (Answer) 
Connected load 105 


2. A heat transfer equation is written below: 
aT ce ed dT Lp 
"ar? dr ; 


Which conditions are applicable for this equation? 


Plate/cylinder/Sphere 


N.B. The Bold words indicates the answer for above table 

3. A steel casting cools to 90 percent of the original temperature difference in 30 min in 
still air. How much time it should require to cool this same casting to 90 percent of 
the original temperature difference in a moving air stream whose convective heat 
transfer coefficient is 5 times that of still air? 

Solution: Here, t,; = 30min; tz =? hz = 5h, 

We get, Qi = Q2 

= h,AAT.30 min = h,AAT.t, 

= h,A AT.30 min = 5h,AAT.t, 

“. t, = 6 mins (Answer) - 
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4, Show different process on a psychometric chart i) heating & humidification ii) 
Sensible heating iii) Chemical dehumidification iv) Evaporative cooling. 


Evaporative (~~) _ yy midifving 


i i 
peti / Po | 
\ ‘ ead i Heating & 
A j 4-t Humidifying 
fe SN 
a \ é | 
Sensible Cooling of | / i 
i 4 ——— Sensible Heating 
eo FAN | Chemical 
; a Pa | et Dehuinidifying 
oo e\ yw’ | 


= Dehumidifving 
Cooling & Dehumidifying 


5. Draw T-S of Rankine cycle for the given figure. 


High Low 
pressure[___] pressure [~~] Generator ‘ 
turbine turbine ? 


Feedvwvater heater 


Condenser 


FP1 = Feed pump 1 
FP2 = Feed pump 2 
HPT = High pressure turbine 
LPT = Low pressure turbine 


Feed pump 1 


6. A submersible pump has a head of 40.5m, discharge of 25L/s. Rating for running of 
the pump is: 3@ AC supply, 22A, 400V, pf 0.95, Find efficiency of the submersible 
pump. 

Solution: Given that, H = 40.5m, Q = 25L/s = 0.025 m/s, I = 22 A, Voltage, V= 400 V, 

pf= cos8=0.95 

Pump input power, P = V3VI cos 8 = V3 x 400 x 22 x 0.95 = 14479.94W 

-. Efficiency, n = = 

_ 9.81 x 100 x 40.5 x 0.025 

7 14479.94 

= 68.59% (Answer) 

7. Both end-hinged column Im Length, 20X30 mm. Find flowing parameters: 

(i) Second moment of inertia, (ii) Radius of gyration (iii) Slenderness ratio and 
(iv) Critical buckling load 
Solution: 


h? 20x30 


(i) Second moment of inertia, I= = > = 45000 mm+* (Answer) 
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bie : : Se tee [45000 Ss 
(ii) Radius of gyration, k= ff = CaaG 8.66 mm (Answer) 


(iii) Slenderness ratio, 7 = = = 115.47 (Answer) 


NW?EL _ 1xm?x200x10°x45000x107? 


I 1000 
= 88826.855 N (Answer) 


8. Write three major differences between planner machine and shaper machines. 
Answer: 


(i) In shaper machine, tool is the moving (i) In planner machine, work piece is the 
part and work piece remains stationary. moving part and tool remains stationary. 
(11) It can use only one cutting tool at a (ii) It is equipped more than one cutting 
time. 


tool at a time. 
(iii) Shaper is used quick return mechanism | (iii) Planer is driven by gear or hydraulic 
to drive the ram. In modern machine, | arrangement. 


hydraulic drive is also used. 


(iv) Critical buckling load Po, = 


9. A circular test bar specimen of diameter of 80 mm & length 600 mm is subjected to 
elongation test. Test result shows:— gauge length 200 mm, Yield load 225KN, 
braking load 242 KN, final length after elongation 249 mm. Find the braking 
strength and percent of elongation? 

Solution: Given that, d = 80 mm, L = 600 mm, Gauge length, Lg = 200 mm, Braking load = 

242 KN, Final length after elongation, L.=249 mm 

Breaking load _. 242x1000 

Cross sectional area _ =x (0.08)? 


Le-Lg _ 249~200 
a = ——— = 24.5% (Answer) 
Lg 200 


10. Draw TOP View, FRONT View & RHS View. 


= 


FOP VIEW 


hs 1° 


FRONT VIEW RHS VIEW 


We get, Breaking strength = 


= 48.14 MPa (Answer) 


Again, Percentage of elongation = 
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Bangladesh Inland Water Transport Authority (BIWTA) 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 11:30PM 
Date:08.02.2019 Exam Hall: BOET 


Non-Departmental 

fC, Br, aren, zi ce fe ater? -ormRypes facts 
AEN WACOTA AMY BSA Sy ADA STAT CH PAA OU CHT 
3. fal CBA CAVA 1H ? 

Sica 2.ont a fart wuedvesny 
4. CBC Sort HA TAA TET? 

Ss UWS TA FUT 
5. face afSce cl Tore TOS CBI WIT? 

Sq wat wvaggifz wuss 
6. faced carit sahara Srepcaa Crean Gora? 
7. Qa SA BAA? B) AMA SPA 2 WAC! DL MN OTA corgat 
8 
9 


ne 


SEC OCIC IPC ICICMEECIOICCIMCNCIDICCI MONG RIC CEN CIO! 


. Bera aa afa- 
Bw. AlN + OIA 4 fas AG 
N.Y + SIA YHA + BAG 


10. we waa ao Salt? - vfF 

LL. URAHARA 4a HTN ST 
SATS LARP ore | (Y. PATP 

12. Yaar Mens ABT - AGT BAT | 

13. Where Tanguar haor is located? - Sunamganj 

14. How many cricketers have double century in test cricket by Bangladesh? -08 

15, DACP A GTPAG STA HEWN SS Ve- 9 GIP AYT Yara 

16. Length of Padma Bridge- 6.15Km. 

17. Current Secretary-General of the United Nations is from?- Portuguese. 

18. TeeNPcs HPS AATATBSTA AAT ASTAT AA CHT CBT? DH) FATT A) COTA 
MN) Cra) ST 

19. What is the Capital of Croatia?- Zagreb 

20. Bangladesh air force founded at?- 1971 

21. “Hasina: A Daughter's Tale” is directed by- Piplu Khan 

22. The 2020 Olympics will be held in -Tokyo. 

23. Currency name of Vietnam- Vietnamese dong 

24. ‘Ins and Outs’ means- The intricate details of a situation or process 

25. What type of noun is “Girl”?- common 

26. Active form of ‘what cannot be cured, must be endured.'- You must endure what you 
cannot cure. 

27. Synonyms of ‘imbibe’- drink, consume, sup 

28. Synonyms of ‘Plebiscite’- vote, referendum, ballot, poll 

29. Antonyms of supercilious- humble, modest 
[ares epqecen mae Far Tay 1] 
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Departmental 


1. A manometer is used to measure the pressure in a tank. The fluid used has a specific 
gravity of 0.85, and the manometer column height is 55 cm, as shown in Figure below. If 
the local atmospheric pressure is 96 kPa, determine the absolute pressure within the 
tank. 


Pig = 96 kPa 


Solution: 
p = 0.85x1000 = 850 Kg/m? 


P= Patm + pgh = 96 +x 9.81 x 0.55 = 100.6KPa (Answer) 
2. Match the following number Answer 


k 
Ce ee 


c Froude Number 


3. The food compartment of a refrigerator is maintained at 4°C by removing heat 
from it at a rate of 360 kJ/min. If the required power input to the refrigerator is 2 
kW, determine (a) the coefficient of performance of the refrigerator and (b) the rate 
of heat rejection to the room that houses the refrigerator. 


Solution: 
(a) Q. = 360 Kj/min=2 Kw =6 KW (b) Win = Qc-Q. 
— & ex =>2 = Qc-6 
Cop = vw, 5 = 3 (Answer) > Qc = 8 KW (Answer) 


4. Draw a psychometric chart and schematically show the cooling process of room air 
in indoor split-type air conditioning system. 
Solution: 
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Sensibis heat factor 


Vapour pressure in mm of Hg 


Dry bulb temperature (°C) -——> ; 
Here, the processes (1-3) involve in the mdoor unit of a split air eee system (i.e. 
Cooling and dehumidification) 

5. Isooctane is burned with 120% theoretical air in small three Sindy turbocharged 
automobile engine. Calculate Air Fuel ratio. 
Solution: Stoichiometric reaction, . 
CgHig + 12.5 O2 + 12.5 (3.76) No — 8CO? + 9H20 + 12.5 (3.76) No 
With 20% excess air, 
CgHig + 15 O2 + 15 (3.76) Nz — 8CO2 + 9H20 + 15 (3.76) No + 2.5 O2 
Air-Fuel ratio = 4 = “2 = Naa ={ BX*76%79 _ 19 16 (Answer) 

F me NrM¢ 1x114 

6. Draw a characteristic (performance) curve of a centrifugal pump, also draw a 
demand curve on same graph showing operating and design point on this curve. 
Answer: Here, Point A is the operating point (where system curve and head curve meets; 
system curve is a function of elevation or static head including major and minor losses). 
Point B is the design point (consider at best efficiency point). 


Efficiency (n) 


——_» Efficiency (n) 


——» Power (P} 
~~» Head (H) 


—+ Discharge (Q) 


7. A canoe moving on a surface of lake water where water is at 40°C and canoe moves 
at 5 Km/hr, which length is 5m, which is flat; Is the boundary layer is laminar on 
turbulent on the bottom of canoe surface? (T = 40°C, y = 0.6579x10° m/s). 
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Boundary laver 
5 x 1000 


Solution: Here, V = 5 Km/hr = nae m/s = 1.389 m/s 
_VL_ _1389x5 _ oe Z 

Rea Reese 12991050.02~10.55x10 

“Ren > 5x105 


So, Boundary layer is turbulent. (Answer) 
8. A uniform rod of length L and mass m is supported as shown. If the cable attached 
at end B suddenly breaks, determine the angular acceleration of AB. 


a 
i 
aml Bt 
$6 ee ce oa Sie a 
he j 
| ee 
Solution: 
=, - 
=0:4=- A ~ 
Here, m=0; a 5a A - BoA _~ 14 
vty M a= >(Mg) ef A aa = aaa MES 
Sey, CEs ma 
=F ae addr mas }—L/2—4—- L/2 —} k-1/2—4 
—mg> = aml’a f 
LoL 
m5) > 
i Seer 
=mg- = -mL*a 
263 
= qa 8a 
L 


9. From the following figure, determine the block will be equilibrium or not? 
Where, p.=0.4, 1,=0.3 
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Solution: 
Oty = 
N=9.81m x cos 25° 
= 8.89m N 
Fm = Us N = 0.40 x 8.89m = 3.55m N 
Kw.+ YF, =0 
F = 9.81m xsin25° 
= 4.145m N N F 
As, F> Fi, So the block will not equilibrium. (Answer) 
10. A shaft shown in figure below, which diameter is 25 mm, length is 1 m. Determine 
the maximum shear stress and angle of twist of the shaft. Where, Shear modulus is 
80 GPa. 


Solution: 
Internal Torque for section AB: 2y T=100Nm 
B A 
if t 
Tap =f 
Internal Torque for section BC: Angle of Twist: 
c ' 625 = (eH ( See 
B 
Tc Q2IB OT ia = Goda (ie), T1eG~ 3 
= 0 (Answer) 
Tac = 2T-T=T 
_16T 
Tmax — xD? 
16 x 100 


~ x (25 x10)3 = 32.6 MPa (Answer) 


11. A turbine rotor of ship has a mass of 8000 Kg, radius of gyration is 0.5 m and 
rotates 180 rad/s. Clockwise it has speed of 25m/s take left turn in a curved path has 
radius of 100m. Determine the gyroscopic couple and its effect. 


Solution: We Get, C = low, =m k? xox = 
= 8000 0.5? 180 x —. = 90 KNm (Answer) 
When the rotor rotates clockwise, when looking from the stern and the ship takes a left 


turn, the effect of the reactive gyroscopic couple is to raise the bow and lower the stern. 
12. Write the name of structural member based on loading and fixing. 


mad 
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Answer: (A) One end fixed member and compression load. 

(B) One end fixed member and tensile load. 

(C) One end pinned and other end roller with point load. 

(D) Both end fixed with compression load. 

- 13. From following figure write the types of failure and loading. 
(i) (ii) 

Missing Missing 


Failures of Ductile Failures of Brittle 
materials under materials under 
compression. compression. 


14. Draw orthographic view from the following isometric view. 


Zo 


LHS VIEW FRONT VIEW 
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Nuclear Power Plant Company Bangladesh Limited(NPCBL) 
Post: Executive Trainee (Engineer) 
Time-03.00PM to 04:30PM 
Date:30.11.2018 
Exam Hall: ECE Building, BUET. 
Marks: Non departmental MCQ (0.5x20)=10; Departmental MCQ (1 ar 


Written=50 
Non departmental MCQ 

1. Please, come here. Here “please” which parts of speech? 
a) adjective b) pronoun c) adverb d) preposition 
2.When Sikkim was merged with India ? 
a) 1971 b) 1973 c)1974 d) 1975 
3. When did China recognized Bangladesh as an independent country? 
a) 1971 b) 1972 c) 1973 d) 1974 
4, Dhaka was situated in which sector during liberation war of Bangladesh? 
a) sector 2 b) sector 4 c) sector 8 d) sector 11 
5. Which countries are related with Sunshine policy? 
a) USA & UK b) North & South Korea c) India and Pakistan d) Canada and France 
6. National animal of Bangladesh is ? 
a) Deer b) Tiger c) Lion d) Cow 
7. Largest district of Bangladesh considering area ? 
a) Rangamati b) Comilla c) Dhaka d) Barishal 
8. FN CBT A? a) FAC*TAT b) FACTS c) HATA a) FPA FATA 
9. Beers wath BS CH? a) BVM b) FIAT c) PLP “AAA 
10. Which country has made Bangla as state language except Bangladesh? 
a) Japan b) Syria liyan c) Africa d) USA 
11. “The Wings of Fire” what type of literature it is? 
a) poem b) play c) autobiography d) Drama 
12. CHAT OMA AT? A FS BITS DIA Sal AAC? ASIA 
13. 2ST WATATA MICA fos? PT 
14.c@rnft af? HT oaPH CHTATEI 
15. What is per Capital income ($) of Bangladesh? 
a) 1450 b) 1520 c) 1751 d) 1800 
16. What is the adjective of “Tax” ? 
a) Taxability b) Taxable c) Taxation d) Taxing 
17. You should rather go there, ------- ? ay b) c) . d) 
18. Which nuclear power plant of Japan faced great disaster in 2011? 
a) Fukushima 
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19. He was injured by--- fever? 
a) huge b) much c) severe d) little 
20. What is the meaning of out and out? 
’ a) end point b) thoroughly c) Outside d) None 
' Departmental MCQ 
1.Degree of reaction of impulse turbine is ? 
a) 0b) 1c) 0to 0.5 d) 0.5 tol 
_2.The relationship of gross stage efficiency with nozzle efficiency and blade efficiency of 
impulse turbine is . 
a) Ms= tp XM b) Ne d) ths = Mb +1 d) Ns = Mh — Mn 
3. What is the Hydraulic diameter of a 10cm x10cm rectangular block ? 
a) 20cm b) 7.5cm ce) 15em d)12cm 
4. In a condenser inlet temperature 15°C and outlet temperature 25 °C . If steam temperature 
at outlet at certain pressure is 38°C then what is the efficiency of that condenser? 
a) 23.6% b) 46% c) 43.5% d) 56% 
5. Three compressors are connected in series . Each of them has compression ration 2 , if 
inlet pressure in the first compressor is 150KPa ,what will be the outlet final pressure ? 
a) 300KPa b) 450KPa c) 750K Pa D)1200KPa 
6. For a thin wall pressure cylinder what will be the ratio of longitudinal stress and hoop 
stress? 
a)~b) 1c)2d)4 
7. If pressure inside a pipe measured as 0.2 bar vacuum , then what is the absolute pressure? 
a) 1 bar b) 0.6 bar c) 0.8 bar d) 1.2 bar 
8. If height of a pond is 10 m, then what will be the absolute pressure in the bottom? 
Ans: 199.425 KPa. . 
9. Which type of reactor does not need a heat exchanger ? 
a) PWR b) BWR 
10. Ina 5 m tank there is a leakage in the bottom, what will be velocity of fluid in the 
bottom? 
Ans: 9.9 m/s 
11. A member is called strut when it is subjected to ----- loading? Ans : Compressible 
12. Universal testing machine can be used for testing ---? 
Ans: Tension, Compression , Shear & bending. 
13. What fuel is used for Fast Breed Reactor? 
Ans: 90% U238 and 10% U235 
14. Which kind of nuclear reactor is used in most of the nuclear power plant? 
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a) PWR b) BWR 

15. If compressor work 300 KJ/kg and turbine work 700 KJ/kg and heat added 1250 KJ/kg . 
What will be the gas turbine efficiency? 

Ans: 32% 

16. Which one is not considered as boiler mountings? 

a) Water level indicator b) Safety valve c) Economizer d) Fusible plug 

17. Air flowing at 200 m/s , -50°C , what is Mach number? 

Ans: 0.668 

18. Which one is used for measuring velocity of flowing liquid inside pipe? 

a) Orifice b) Pitot tube c) V notch d) Anemometer 

19. Why shield is used in reactor? 

Ans: To reduce the radiation exposure. 

20. Given temperature 30°C & 100°C , h=200 W/m’k , what is Q in MW/m? 

Ans: 0.014 MW/m’? 

21. conduction related math 

22.convection related math 

23. If diameter of a pipe is measured to be 20+5 , then what is the value of Tolerance? 
a) 0.5 b) -0.5c) 2 d)1 

24. The energy stored in a body when strained within elastic limit is known as 


a)Modulus of resilience b) strain energy 

c) modulus of toughness d) impact energy 

25. A machine part is designed as a strut , when it is subjected to 
a) an axial tensile force b) a tangential force 

c) an axial compressive force d) any one of the above 


26. The type of steel used for marking cutting tool is 

a) Mild steel b) High carbon steel c) Medium carbon steel d) low carbon steel 

27. The ability of a material; to resist wear is called 

a) strength b) hardness c) toughness d) brittleness 

28. The resistance to crack propagation of a material is known as 

a) strength b) hardness c) fracture toughness d) brittleness 

29. The progressive plastic deformation at constant load over a long period is known as 
a) plasticity b) fatigue c) resilience d) creep 

30. The curve of stress Vs number of cycles to failure is plotted for 

a) tensile test b) shear test c) hardness test d) fatigue test 

31. When two identical helical springs are connected in series , the resulting spring stiffness 
a) increases b) decreases c) remain same d) none ofa & c 

32. The coefficient of static friction is 
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a) smaller than coefficient of kinetic friction b) smaller than coefficient of kinetic friction 
c) greater than coefficient of kinetic friction d) half of the coefficient of kinetic friction 
33. The close-coiled helical springs A and B of same material, same coil diameter, same wire 
diameter, subjected to same load. If the number of turns of spring A is half of spring B . the 
ratio of deflection of spring A to spring B is 
a)> b)1 ¢)2d)4 
34. The average tensions on the tight and slack side of a belt drive system are 700N and 
400N respectively . If the linear velocity of belt is 5 m/s , the power transmitted by the 
system would be about : 
a) 1.5 KW b)3 KWc)5 KWd) 10 KW 
35. A reverted gear train is one in which the output and input shafts 
a) rotate in opposite direction _b) are at right angle to each other 
c) rotate in same direction co-axial d) are at 45 angles to each other 
36. In a flat belt drive , the belt is subjected to maximum tension T and a centrifugal tension 
T, . For maximum power transmission 
a) T=T, b) T=2T, ec) T=3T, d) T=4T, 
37. The natural frequency of a system . which has equivalent spring stiffness of 30000 N/m 
and mass of 20 kg is 
a) 12.32 Hz b)4.10 Hz c) 6.16 Hz d) None of the above 

Written 


1. Fill in the following table. 


Convection | Energy Transfer due to| Q=hA(T, — T2) h= Co-efficient 
exchange of | Stefan-Boltzmann 
2. A centrifugal pump delivers 0.6m°/s of water against a total height of 25m. The 


Mode Mechanism Empirical Law and Transport 
Equation Property 
molecular motion and| Newton’s Law of of convective 
bulk fluid motion Cooling heat transfer 
Radiation 
electromagnetic waves Law 
In the above question bold marks were blank. These bold marks were used for 
internal diameter of the pipe is 10cm and it is 30m long. If the overall efficiency of 
the pump is 65%. Calculate the power needed to drive the pump. Assume the 


Conduction | Energy Transfer due to Q=- cl Conductivity, K 
Energy Transfer due to | Q=eoA(T,* — T,*)| € = emissivity 

indicating answers. 

friction factor coefficient is f= 0.054. 
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Solution: [Similar to GTCL—2018} 
ints: V.=Vj-V= 2; H, =H +e 48, ., p = 2eQHm 
Hints: V,=Vqg=V= a? Hn = H+ Sed a oo ae P= 2 
3. A wind tunnel draws atmospheric air by a large fan. For a given air velocity as 
shown in the figure, the pressure in the tunnel is to be determined. The gas constant 
of air is 0.287KPam’*/Kg.K. 


=) Stet 
2c 
101.3kPa —— ——— 80 nvs 
— amas! 
nae 


Solution: 


(2) 


Vi=0 V=80m/s 
a 
P= Pan 
P» 


P, = 101.3KPa;R = 0.287 KJ/Kg.K; T, = (20 + 273.14) = 293.14K; 


= OS _ = 1.204K g/m? 
Pt = 0987 x 293.15 — 1204KE/m 


Apply Bernoulli’s equation between the points (1) and (2). 


2 2 
Vv Vv 


Pk Per 
101.3 x 103 Pe 5 S80): 
1.204 ~ 4.204 2 


= P, = 97.446KPa (Answer) 

4. What are the three major categories of low level radioactive waste in a nuclear 
power plant? Give at least two examples of the waste in each category. 

Answer: Three major categories of low level radioactive waste in a nuclear power plant are: 

Class A (Low Concentrations): Contaminated protective clothing, paper, trash. 

Class B (Higher concentrations, usually activity 10-40 times greater than class A): Resins 

and filters. 

Class C (Higher concentrations, usually activity 10-100 times greater than class B): Reactor 

components, sealed sources . 

References: 


https:/Avww.nre.gov/docs/ML0706/ML070600684.pdf 
https://ieer.org/resource/classroom/classifications-nuclear-waste/ 
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5. What type of power generating technology has been chosen for Rooppur power 
plant? Draw the schematic diagram of the nuclear reactor to be installed in the 
plant and label its major components. 

Answer: For Rooppur power plant, PWR (Pressurized Water Reactor) is chosen which 

model is VVER-1200 (“Voda Voda Energo Reactor” Russian word) or WWER- ‘water-water 

energy reactor’ (i.e. water-cooled water-moderated energy reactor) 

Schematic diagram of the PWR nuclear reactor: 


aig 


capaanamiar| 


ee 


6. Draw the psychometric chart schematically and show the processes that are must 
involve in the indoor unit of a split air conditioning system. 


Sensible heat factor 


Vapour prassure in mm of Hg 


——— Sp, humidity ——> 


+4 5 10 1 20 2 30 3 40 45 
Ory bulb temperature (°C) ———> 


Here, the processes (1-3) involve in the indoor unit of a split air conditioning system (i.e. 
Cooling and dehumidification) 

7. A mass of m=10 kg is suspended by a spring of stiffness of k=1 KN/m from a fixed 
support. The mass vibrates freely with amplitude of 0.008 m. Ignore the effect of 
damping and mass of the spring. Calculate (a) the maximum restoring force. (b) the 
natural frequency. 
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Solution: 
(a) The maximum restoring force: sia Natural —— 
Maximum restoring force = — spring inertia force 1000 
= — kd = 1000x0.008 = 8N (Answer) ~ nym 2ny 10” 


= aes Hz (Answer) 


8. A shaft is applied with a torsional force. Shear force develops 150MPa on the 
surface of the shaft. Draw the Mohr circle. Write the equation for the principal 
shear forces. Consider 2D principal plane. 

Principal stresses: 2 ty= HOMPa 


: 2 Tmax 
o,+0, o,-o 
o,, =——— +. , | ———2] + lr 
3,2 2 5 ( ae 
The plus sign is used for the larger stress and the * 
minus sign for the smaller stress. 


9. In a same tensile stress-strain diagram show the graph for (i) CI material and (ii) 
MS material 
’ Answer: 


Mild steel 


Cost son 


Stress 


Strain 


10. A machine element is subjected to fluctuating load has following data: ultimate 
tensile strength of 750MPa, fully connected endurance limit of 200MPa, alternating 
stress of 190MPa, mid-range stress of 110MPa. Find safety factor guarding against 
fatigues failure using modified Goodman equation. 

Solution: Given, Ultimate tensile strength, Sy, = 750MPa, fully connected endurance S, = 

200MPa, alternating stress o, =190MPa, mid-range stress, Om = = 110MPa 


According to modified Goodman equation: 
cag Sano 


Sut n 
190 , 110 1 


200 750 =n 
“n= 0.912 (Answer) 
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11. A steel thin wall pressure vessel has the mean radius is 40mm and the thickness is 
20mm. The internal pressure is 25MPa. Find the (i) longitudinal stress (ii) hoop 
stress and (iii) maximum shear stress. 

Solution: Same as Previous year question 

12. Draw the necessary view; consider the front view at the side of the key ways. 


=~ \ BS TOP VIEW 
p> \ * \ es 
Gen ae ( (AY 
\ yA Hy i | \ {Cb yy) ] 
SJ“ SS 
A $ | 
re, FRONT VIEW L.H.S VIEW 


Dhaka Electricity Supply Company Limited (DESCO) 
Post: Assistant Engineer(Mechanical) 
Time-3.00PM to 4.30 PM 
Date: 29.03.2019 
Exam Hall: BUET 
[Non-departmental: 60X1=60; Departmental:40] 
1. DESCO have no (a) Power plant (b) Substation (c) Cable 
2. Captive power plant? Answer : Captive power plant is a dedicated to provide energy 
for a single user. 

3. Which common type duel fuel not use in Bangladesh? 

(a) Coal & gas (b) Gas & Diesel (c) None of these. 
4. Primary fuel of Dual Power Plant ? (a) Gas (b) Steam (c) Coal 
5. Which one is prime mover generator? 

(a) Engine (b) Steam turbine (c) Gas Turbine (d) All of these. 
6. What is the purpose of using oil in Transformer? (a) cooling and Insulation 
7. Which type of meter not used in Bangladesh? 

(a) Prepaid meter (b) Digital meter (c) Postpaid meter (d) Disk type meter 
8. A CFL lamp 230V and 0.2 amps? 

(a) Power equal to 46W _ (b) More than 46W 

(c) Less than 46W (d) All values are wrong. 
9. Which one is the biggest Power Plant ? (a) Paiara (b) Ruppur (c) Matarbari. 
10. Commissioning date of Nuclear Power Plant ? ( 1°) 

(a) 2021 (b)2022 (ce) 2023 (d) 2024 
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11. Average of ten number is 45, Added 5 with each other number then multiplied with 3. 
Which is the average of ten number? 
(a) 45 (b) 150 (c) 145 
12. Load shedding done with? 
(a) Nearest pole (b) Substation end (c) Consumer end 
13. Which one cable is not used in Bangladesh? 
(a) 132kV (b) 11kV (c) 0.4 kV (d) 33kV 
14. Which one is not situated in Substation? 
(a) Generator (b) Transformer (c) High Voltage cable . 
15. When consumer need personal substation 
(a) Upto 50 kW (b) Upto 1000 kW (c) Upto 250 kVA. 
16. Which one is not used as a wire? 
(a) Copper (b) steel (c) Aluminium (d) Aluminium Alloy 
17. There are food for a family for 25 days , after 5 days 8 people come and total number 
of member in family 12 . How many days remaining food will go ? 
(a) 6 (b) 8 (c) 10 (d) 12 
18. Growth of power section in Bangladesh? 
(a) 2% (b) 5% (c) 15% (d) 10% 
19. Highest power demand in Bd? 
(a) 12 GW (b) 9 GW (c) 15 GW 
20. Which one is not a protection device ? 
(a) (b) Distribution Box (c) Relay | 
21. Correct Spelling — maintenance . 
22. Antonmy of Marvellous: Dire ; Terrible: Wonderful. 
23. Tournament:Trophy : : Cert?ficate:Study. 
24. 2032 Olympic Bid country? 
25. What is Banglapedia — Bangladesh Asiatic Soceity . 
26. Bangla Academy establish in ? 3 December,1955 
27. Cancer day? 4" February. 
28. What is the dark night in Bangladesh? 25 March , 1971. 
29. What is the composition of glass? SiO, 
30. Chronometer used for? 
It is used for measuring time accurately in spite of motion or variation of 
temperature, humidity, air pressure. 
31. What is the intensity of sound? Decible. 
32. Left the town — (a) Immediately (b) Recently (c) Suddenly (d) Tuerriendly 
33. 11(r-1)=13(s-1) ; r+s? Ans:26 
34. 5 Metric Tons = how many milligrams? Answer: 5000000 milligrams. 
35. | ee ees 


1 4 9 
2 ? 12 
: 10*8 
36. log: =? (a) 2 (b) 100 (c) 4.60 


10*6 
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37. 8 red , 7 blue , 6 black balls are in a box. In random selection probability of Blue ball is 
2 3 1 
@= = ©= @; 
38. M ‘people bay a eift for D dollars ,3 people , how many cost remaining people 
should bear ? 


@ie3 © sem () 
39, x+—=2 ; oe 27? Ansi2 


40. Sa Ref eae GAS — OA Ca EMT HAT | 
41, WIT24 49 FRABA - AIR FCA HITS 9 HIT HHT 
42. “fade sree 1H - Ga WAN HAT 
43. “fh faregn Sas WRT WAS + BUT 
44, FN ACS AGC IN - Pate fe? — faces Facsraty fea 
45, Tart 55 He CATS YG ATA WINS — APS At, M/A, ANAS ATA 
46. faraa w fy fea Sosa, ILS Ora STACY Nat GILLS Is VA? 

B) AAU A MUHA 1) HPAP PTT 
47, ONIT HIVE? — 4H, H, %, *7 
48. Baa Sfaorle A SAATSA WS HS? 

SB) AAA Y) MACHS N) NSA AMAA VIC 
49, Tal NAMB SS GA? - 2/ / 9 
50. “ifs RITA WSIS CHAT CHAT CHOTA? WAS 
51. Teer REG COTA CHO? — Forfar GIT BICIAT ISA/UIROEA CHG 

Departmental 

1. A wire of diameter 10mm with conductivity 0.5 w/mk is releasing by convection 
through a medium with transfer co-efficient 50 w/ m’k. Find the critical thickness of 
insulation. Also find maswladon thickness limit to reduce heat transfer by convection. 


3D+D? 


Solution: Given, r= ~ =Smm; r=? his r2=? 


Critical insulation of thickness, r.,= <=2=09.01 m=10mm (Answer) 


Insulation thickness limit to reduce heat tanster by convection = 10—5=Smm (Answer) 
2. In a counter flow heat exchanger cold fluid enters at 30°C and leaves at 260°C, hot 
fluid enters at 360°C and leaves at 200°C. Find LMTD. 


Solution: 

Here, AT, = 360 — 260 = 100; , 
AT, = 200 — 30 = 170; Seis 

__ AT,-AT2 _ 100-170 ATi fk 
2» LMTD= yr = rN 

Inge) Ine) 260°C \ Noa, 
= 131.92 °C (Answer) Na cag po 2000) 
“S aoc 


3. Write down factors of radiation depends between two surface. Write the expression 
of radiation heat transfer between two parallel surface having temperature T, & T, 
where T,>T2. 
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Solution: 
Radiations depends on: a) Shape & Size of the surface 
b) Temperature 


c) Suface Area Ay Az 
d) Surface Properties( Blak or Gray) é e: 
e) Distance between two surface r T: 


f) Radiation sheild (optional) 
Let, A; = Az = A; View factor, F,_2 = 1; 
-. Expression of radiation heat transfer between two parallel surface, 


oA(T,* — T,*) 
oe Oe ae 
&,  E2 


4. A motor (efficiency=90%) deliver power to a pump (efficiency=80%) which delivers 
S0L/s through a 200m long pipe of dia 150mm having friction factor f= 0.0051. 
Determine Input power of the motor.[ Density of the oo 998 kg/m? hs 

Solution: Overall efficiency = 0.90 x 0.80 = 0.72 ; A= n= = (0.0176 m?. 

We get, Q= AV; 


We Cae i" = 0.405 + 2.75 = 3.16m 
2g 2g 
YQH 
Input Power 


-3 
——ee = 2148.44 W= 2.148 KW (Answer) 


5. Show the difference of ductile and brittle material under tensile load by drawing a 
stress — strain diagram. 


Overall en = 


“Input power = 


stress brittle materiat 


ductile material 


strain 


6. Two column are clamped at both side. For the first one buckling load 100 N . The 
diameter of the second one is half of the first one. Find buckling load of the second one 
if the other parameters are same. 


Solution: Given, P, =100N and Dz == 
We know, P == tal) 
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TE x(- a) 
For column 1, P,= 7 ee (1) 
25 mD2* ; 
For column 2, P= ae nid ie Sas (2) 
4 Diya 
From (2)+(1) we get, = oo = = = ~ 
= P,= "= 6.25N aa 


7, A Kaplan turbine of 1/10 scale model has ahead of 5m. The prototype develops 
8500kw at 150 rpm and 10m head. Determine the speed of the model and specific speed 
of the turbine. 

Solution: Hydraulic machines By Quamrul Islam —problem no. 4.3 

Given, 2 = —, P,=8500K W, Nj=150rpm, Ha=5m ,H)=10m 


Dp 
Secehaohee ; H 
We know, From the similarities of turbines — a 


m2Nm?2 Dp2Np2 
2 _ Dp2 Np 2Hm = 
>Nm~ = erern a 1125000 
=>Nm= 1060.66 rpm (Answer) 


Specific speed of the turbine, N; = 


Np/Pp _ 150xV¥8500 _ 
apse oo apse 777.67 rpm (Answer) 


8. Write down the stresses developed at point A. Draw a 2D element diagram of the 


loads. 
P 
Answer: 
2D element diagram Stresses developed at point A 
_T 
aa 
Mc 
Or = 


9.The allowable stress of a boiler is 200MPa and the internal pressure is 10MPa. 
a) Find the diameter to thickness ratio. 
b) Find the longitudinal stress when internal pressure is 10MPa. 

Solution: 

Given, Omax = 200MPa, P = 10OMPa 
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D_ 20% 
eee 
b) o)= ore = 100MPa Answer 
10. A 1m long bar of rectangular cross section of 10mm*5mm. A 7000N axial tensile 
load applied. Find principal stress and maximum shear stress. 

Solution: 

Given, A=10x5x10~° m?; P=7000N ; L=1 m. 


7000 = = = 
Perens = 140MPa, Oy =0 MPa, Txy =0 


PD 
a) We know, o;= prerkoe = 40 Answer 


Given, 0, = 
We get, 
Maximum Normal Stress, 


xt Ox- : 
01 = Sey Ee) + Ty? 
_ 140+0 140-0\7 | 15 
=a + (se )" + 02 = 140MPa (Ans. ) 


Minimum Normal Stress, 


2 2 
Ox+o Ox-0. 140+0 140-0 


Maximum shear stress = — + Tyy? = orm +0= = = 70 MPa (Ans. ) 


Dhaka Mass Transit Company Limited (DMTCL) 
Post: Assistant Engineer (Mechanical) 
Date: 05.01.2019 


1. Calculate the pressure P,. 


j--Latm 
pressure 


Solution: At the datum line 3-2, we get, 

Pat+(pgh) water = Patmosphere + (p8h) mercury 

=>Pat(1000 x 9.8 X 0.4) water = 101325+(13.6 x 1000 x 9.8 X 0.25) mercury 
=P, = 134645 - 3920= 130725 Pa 

*» Py = 130.725KPa (abs. ) (Answer) 
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2. Determine the force in member BD. 


Solution: 
Attaching Fpp at D and resolving it into 
components, we can write 
+U0YM, =0 
= (400Nx135mm)+ Fspcos ZCBD x 240mm = 0 
= (400Nx135mm)+ Fap ——x 240mm = 0 


= Fep=255N (Answer) 


Fsap Cos<CBD 


3. Three seconds after automobile B passes through the intersection shown, 
automobile A passes through the same intersection. Knowing that the speed ofeach 
automobile is constant, determine the relative velocity of B with respect to A. 


30 wath 
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Solution: 
According to law of cosines- 
Vaya’ = 45? + 302 —2 x 45 x 30 x cos 100° 
“Vga = 62.04 mi/hr (Ans. ) 


Va=4ami/h | 
ev — a7 


Ve-30mi/h| @ ae 


4. A centrifugal pump delivers 301/s of water at a height of 26m. A 3-phase, AC 
current supply to the motor voltage and current are 400V and 17A respectively. 
Determine the efficiency of the pump considering the power factor value is 1. 
Solution: 

We get, Power input=V3VICos0 = V3 x 400 x 17 x 1 =11777.9455 


- Power Output= pgHQ=1000 x 9.81 x 26 x 30 x 1077 =7651.8 
Power Output _ PSHQ 7651.80 0.6496 
PowerInput _¥3VICos@_-11777.9455. 
.. Efficiency= 64.96% (Answer) 


5. Both end-hinged column Im Length, 20X30 mm. Find flowing parameters: 


Parameters Values 


.. Efficiency= 


Slenderness ratio 


Critical buckling load P - 1x1? x200x109x45000x107? 
on 1000 
= 88826. 855 N (Answer 


Simply supported beam 
Overhanging beam 
Cantilever, simply 
supported beam 
7. A circular test bar specimen of diameter of 80 mm & length 600 mm is subjected to 
elongation test. Test result shows:— gauge length 200 mm, Yield load 225KN, 


QB-250 . ; Job Solution 


braking load 242 KN, final length after elongation 249 mm. Find the braking 
strength and percent of elongation? 
Solution: Given that, d = 80 mm, L = 600 mm, Gauge length, L, = 200 mm, Braking load = 
242 KN, Final length after elongation, L=249 mm 


Breakingload __ 242x1000 
Cross sectional area _ =x (0.08)? 


Le-Lg _ 249-200 _ é 
ak 24.5% (Answer) 


8. Draw T-S diagram for the following system: 
[May be it was combined cycle Gas-Steam Power Plant/ Rankine Cycle with FWH.] 
9. A power plant has peak load 75 MW, having maximum connecting load 45, 30, 20 & 
10 MW. If load faction is 0.6 then find: (i) Average load (ii) Demand factor. 
Solution: Given, 
Maximum demand = 75 MW 
Connecting load = (45+30+20+10) MW = 105 MW 
Load factor = 0.6 


We get, Breaking strength = = 48.14 MPa (Answer) 


Again, Percentage of elongation = 


We know, 


: Average Load 
(i) Load factor = g 


Maximum Demand 
Average Load 
> 0.6 = AVETARE oad 


= Average load = 45 MW (Answer) 
Maximum Demand 


(i) Dena age: Connecting load 


75 
=—— = 0.715 (Answer) 


105 
10. Show different process on a psychometric chart 
(i) Heating and humidification 


(ii) Sensible heating 
(iii) Chemical dehumidification 
(iv) Evaporative cooling 


Evaporative 
Cooling 


Humidifviog 


Heating & 
‘Humidifying 


Sensible Coolin 
Sensible Heating 


Chemical 
Debumidifying 


Dehumidifying 


Cooling & Debumidifying 
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11. Write down the matching tool for making following specimens: 


Mechanism of circular specimen for Lathe Machine 
tensile test 


Cylindrical taper specimen Lathe Machine 


Rectangular (size 2” 3”) specimen for Shaper Machine . ; 
plane surface 


Hole in a circular section Drill Press 
Shaper specimen for impact test Shaper Machine 


12.The following equation is given for the following cases: 


dt? dt 
| K c 
k < Kk < Cc any 
\y () 
oo [y@ y (t) m 
Case I Case II Case Il 


Fill in the box: 


Gael 
rs a es ee 
ae ae. a7 a Se K, 


13. The temperature of the salt bath is 40°C, the initial temperature of the ball is 900°C. Ber 
hardening purpose, the ball is immersed in salt bath and reduced the temperature of the 
ball is 50°C. How much does take time to come at this temperature. 

(Time constant is 10 S") 

Solution: 

We know, Given, 


hA - a ats 
Tr-Ta _ re ae Time constant = =10s 


Ti-Te 


50-40 
—— =e i0%t 
900-40 


1 <> 
G25 ¢ 10 
86 


xt 


In (=) == = Ine 


xt 
= -445= 
10 


“-t = 44.54 sec (Answer) 
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14. Average heat transfer and local heat transfer related math. 
15. Draw top, front and R.H.S. view from the following isometric view. 


TOP VIEW 


ye 


FRONT VIEW i RHS VIEW 


B-R Powergen Ltd. 
Post: Assistant Engineer (Mechanical) 
Time 02.30PM to 04.00PM 
Date: 04.05.2019 
Exam Hall: MIST 
Analytical: 10x2=20; GK+Bangla+English=30; Written= 50 
Analytical 

1. Ifx andy are prime numbers, which of the following cannot be the sum of x and y? 
(a) 5 (b) 24 (ce) 23 (d) 26 

2. If numerator and denominator is increased by adding same number, then- 
(a) Fraction will be same (b) Fraction will increase (c) Fraction will decrease 
(d) None of this 

3. Lion: Pride::Wolf: —_? 
(a) Herd (b) Flock (c) Pack (d) Gaggle ; 

4. A man from point A starts his journey goes 1 km north. He turns 2 km east, then 3 
km south, from that point he goes 4km west, finally 2 km north and reaches point B. 
Minimum distance between A and B. 

(a)4Km (b)1Km (c)2Km_ (d)3Km 

5. If each side of a square is increased by 3cm, its area is increased by 33cm’. Find the 
length of a side of the original square. 
(a)3 (b)4 (c)5 (d)6 

6. By weight, liquid A makes up 8 percent of solution R and 18 percent of.solution S. If 
3 grams of solution R mixed with 7 grams of solution S, then liquid A accounts for 
what percent of the weight of the solution? 

(a)8.2% (b)7.3% (c)94% (d)15% 
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7. Radius of a circle is 3cm and center angle 0.8 rad. What is the are length? 
(a) 3.75em (b)2.4em =  (c) 0.3cm (d) 2.75cm 

8. A man is standing in front of a painting man. The man says, Brothers and sisters I 
have none and the man’s fa*her is my father’s son. How the related the man to the 
painting man. 
(a) HisSon (b)HisFather (c)HisNephew (d) His Uncle 

9. What number will be for question mark? 


(a) 168 (b)120 (c)64 (d) 100 
10. From a point P on a level ground, the angle of elevation of the top tower is 30°. If the 

tower is 100 m high, the distance of point P from the foot of the tower: is: 

(a) 149m (b) 156 m (c) 173m = (d) 200m 

GK+BanglatEnglish | 
11. The highest waterfall of the world is P 

(a) Niagara Falls (b) Boyoma Falls (c) Salto Angel Falls (d) Khone Falls 
12. Which is the correct spelling? 
(a) Acknoldgement (b) Acknowldgment (c) Acknolgement (d) Acknowledgement 
13. Which country is the founder of BRI? 
(a) USA (b)India (c)Brazil (d) China 
14. Who is the designer of National memorial? 
(a) Mrinal Kanti (B) Nitun Kundu (c) Hamidur Rahman (d) Syed. Mainul Hossain 
15. BCIM consists of_. 
(a) Bangladesh, China, India, Myanmar (b) Brazil, China, India, Myanmar 
(c) Bangladesh, China, India, Maldives (d) Brazil, China, Indonesia, Myanmar 
16. Which materials is used in 2B pencil? 
(a) Lead (b) carbon (c) graphite 
17. The lowest point, on land, in the world is 
(a) Death valley (b) Caspiansea (ce) Deadsea (d) Lake Eyre 
18. Capital city of Kazakhstan is __ 
(a) Astana (b) Astin (c) Nursultan (d) Kabul 
19. The largest organ of the human body is_? 
(a) Liver (b) Skin (c) Brain (d) Heart 
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20. Largest powerplant of Bangladesh__. 
(a) Rampal (b) Ashuganj (c) Ghorashal (d) Meghnaghat 
21. orcad fawn fe eatra ABA? 
(a) POT (by CHAUTA — (c) SALA SAW = (d) SIAR 
22. AA IATA CHATS FARA Hs AIT BS? 
{a) VfB (b) 99fB (c) SE (a) soft 
23. Who is the designer of Bangladesh National Parliament? 
(a) Louis I Khan 
24. Which is not renewable? 
(a)solar (b)wind (c) tide (d) nuclear 
25. Who is the First Bangladeshi woman to conquer Everest? 
(a) Nishat Mazumder 
26. Who has invented the genome of jute- Maqsudul Alam. 
27. Which country first recognize Bangladesh as independent? 
(a) India (b) Bhutan 
28. Color of Pb3Q, is - Red 
29. Which district doesn't related to mangrove forests?? 
(a) Khulna (b) Jessore (c) Bagerhat (d) Satkhira 
30. Earth quake waves travel fastest in 
(a) Soil (b) Molten rock (c) Water (d) Flexible rock 
31. Which sentence is correct- 
(a) | want my salary immediately. (b) Immediately I want my salary. 
32. The cat jumped __ wall. 
(a) over (b) on (c) through 
33, WISRIR ONT AH HA CBTAfoa FICA UifSS AT? 
(a) Fry HRS CHA (b) Tee SPOUT (c) SATAY MAAAt (a) HAH Psy 
34. One horsepower is equal to 
(a) 102 watts (b) 75 watts (c) 550 watts (d) 746 watts 
35. Joule is the unit of- 
(a) Heat (b) Energy (c) Power ; 
36. Who did announce the first budget of Bangladesh? — Tajuddin Ahmed 
37. Which is the brightest planet in the solar system seen from earth? - Venus 
38-40 [Cannot recall] 
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Written 

41. Write a short note on B-R powergen Limited including the following 

(a) Vision and mission of B-R Powergen 

(b) How many power plants do B-R Powergen have. 

(c) When B-R Powergen established. 

Answer: B-R Powergen Ltd. was established on 2010 as a public limited company by equal 
shares of BPDB & RPCL under power division, Ministry of power, Energy and Mineral 
Resources. Vision: To accelerate socio-economic development of the country through 
reliable power generation. Mission: To implement power plant project as per Government’s 
plan to meet up the country’s growing demand of electricity. 
- There are three plants under B-R powergen Ltd.: Kodda (150MW); Mirsarai (1S50MW) and 
Sreepur (1SOMW). 
- 42. Write a paragraph on "Importance of Presentation Skill." 

Answer: Presentation skill is an important aspect of life. It reflects the mirror image of a 
presenter’s true self. It reflects the behavior, attitude of a person. A Good presenter can be a 
good leader. Presentation is an important skill for people from different walks of life. A 
teacher with good presentation skill can motivate his/her students properly. An Army 
General who is a good presenter can motivate and guide his soldiers properly can lead the 
nation to victory in the state of war. A doctor with good presentation skill can motivate his 
patients and treat both physically and psychologically. A sales person with good presentation 
skill can have good psychological impact on potential buyers. So the importance of 
presentation skill in socio- psychological aspects cannot be denied. Presentation is not only a 
skill but also an education. 


43. PTT Oa OIG A-AITS | Ata Maio UE fry 

AA OTS ALANA Ma THA OMA Pinay Galo ATYAt HSS 8 AA OMG! JA 
MAITH CRAG, PRHATAIA HCA WANS 8 WMI YR ACA, PUT CHCA PRET 
APE Bel HCA GSA-AaI Hela HCI YOCS Veena Wo CAVA 
HOM GAT AA ORG ROS VE A BORO Glo WAHT TG omcafee Faia 
HPA YS Ga AM (Set 3 Sept Filo Br falda (truss bridge) 8°TAT BWA APTI 
BIA CICA HOD AY ae fACHA WalOTS AHA IHS AHH HAAY! MA-SPAS- 
Creal ald Sraaerl scofittra taxa sof =A AC, w,Sco Fibra (Heh ae 
sv.so Filtra as afeegara RS ace Coiba WAtH AG OTg! ASalo fort 
COTS MSSSF HA- PSN MSM AAG / GSA ANG), WATS AW Gas WTA 
(Gfaat / WET ATT) | 
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44, Draw the schematic diagram of steam power plant. Why condenser is necessary for 
steam power plant. 

Answer: 

(1)The first objective is to create a low back pressure 
(vacuum) at the turbine exhaust so as to obtain the 
maximum possible energy conversion from the high 
pressure and high temperature steam and thus to 
increase the efficiency of the power plant. 

(2)The secondary objective is to condense the 
exhaust steam coming from the turbine and therefore 
recover the high-quality feed water for the reuse in 
the cycle of operation. 


45. Draw the schematic diagram of Brayton cycle power plant with the working 
procedures of a gas turbine. Draw the P-V and T-S diagram. 


Answer: Closed cycle gas turbine: 
Na T 


Poin 


— 
\ 
\ 
_4 
¥ 
e 
5 


{u) 7-s diagram 


» 
‘ b 
(bd? uchagrans 


Atmospheric air flows through the compressor that brings it to higher pressure. Energy is 
then added by spraying fuel into the air and igniting it so the combustion generates a high- 
temperature flow. This high-temperature high-pressure gas enters a turbine, where it expands 
down to the exhaust pressure, producing a shaft work output in the process. The turbine shaft 
work is used to drive the compressor. 

46. If the specific gravity of oil is 0.85, find the h. 
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Solution: We get, 

30+3x0.85x9.814+2*9.814+19.81=hx9.81«13.6 

= h= 0.635 m of Hg (Answer) 

47. A Centrifugal pump is required to pump water to an open water tank situated 4km 
away from the location of the pump through a pipe of diameter 0.2m having Darcy’s 
friction factor of 0.01. The average speed of water in the pipe is 2 m/s. If it is maintain a 
constant head of 5 m in the tank, neglecting other minor losses, find the absolute 
discharge pressure at the pump exit. 

Solution: 

Here, H=5m; V= 2m/s; f=0.01; d=0.20m; L=4000m 

We get, Pabs = ee + Hepg + +Patm 


=Pabs = = Hpg + Av" 08 + Patm 


2gd 
=>P,,, = (5 X 1000 x 9.81) + come x 1000 x 9.81) + 101325 


“Paps = 550375 Pa = 550.375 KPa (Answer) 
48. Air enters at 200°C nozzle with velocity 100m/s, Air exits with velocity 200m/s. Find 
the exit temperature. C, for air is 1.045KJ/Kg. 


Solution: 
We get, 
ect 
2 2 p( 1 2) 
2 
200 ~ ue = C,(200 — Ty) 


2 
= 15000 = 1045 (200 — Tp) 


= 14.35 = 200 —T, 

= T2= 200 —14.35=185.65°C (Answer) 

49. Increasing volumetric efficiency of IC engine is a major task of mechanical 
engineers. Write the five process of increasing the volumetric efficiency. 

Answer: . 

(a) Keep the intake mixture cool: By ducting intake air from outside of the engine 
compartment and keeping the fuel cool, the intake mixture can be kept cooler. The cooler the 
mixture is, the higher the volumetric efficiency will be. This is because a cool mixture is 
denser or more tightly packed. 

(b) Modify the intake passages: Any changes to the intake passages that make it easier for 
the mixture to flow through will cause an increase in volumetric efficiency. Other changes 
include reshaping ports to smooth out bends, reshaping the back of the valve heads, or 
polishing the inside of the ports. 
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(c) By altering the time (variable valve timing) that the valves open or how far they open, 
volumetric efficiency can be improved. 

(d) By supercharging and turbocharging: 

(e) To use larger valves or multiple valves. Larger valves increase flow but weigh more. 
Multi-valve engines combine two or more smaller valves with areas greater than a single, 
large valve while having less weight. Carefully streamlining the ports increases flow 
capability. This is referred to as Porting and is done with the aid of an air flow bench for 
testing. 

50. A vapor compressor refrigerant enthalpy (Kj/kg) given as follows: 

Inlet of condenser enthalpy 283Kj/Kg 

Exit of condenser 116Kj/Kg 

Exit of Evaporator 232Kj/Kg 

Find the COP and draw p-h diagram. 

Solution: : 

In a vapor compression refrigeration cycle inlet condenser enthalpy is 283 KJ/Kg, exit 
condenser enthalpy is 116 KJ/Kg, exit evaporator enthalpy is 232 KJ/Kg, Find COP. 


Answer: 
. have, h3 6 KJIK . h2 = 283 KJ/K: 
Cooling effect meres Condensation a nko 
CoOp== eee _ 


compressor work 


e 
$ 
Ss 


| ht = 232 Ku/Kg 


Expansion 


_ hy-h, _ 232-116 
hz-h, 283-232 


Evaporation 


Pressure, kPa 


Enthaipy. kj/kg 
According to the P-h figures, 
h)= enthalpy at inlet of condenser = 283 KJ/Kg 
h3= hy= enthalpy at exit of condenser = 116 
KJ/Kg 
h\= enthalpy at the inlet of compressor = 232 
KJ/Kg 

51. A reversible Carnot cycle temperature range is between 305°K and 260°k. Find the 


COP/Efficiency of (i) Refrigerator and (ii) heat engine. 


Solution: 
. ; _ 2600 

(i) COP of Refrigerator = Pier 5.78 (Ans. ) 
305-260 


(ii) Efficiency/COP of Heat Engine = ape 0.1475 = 14.75% (Ans. ) 
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Bangladesh Steel & Engineering Corporation 
Fara AVSral ACSPA SHSs/Ya/AH) ATH Grae CHICA HAP BT 
29¢ 
WTA: SWC wo FIAT 
(>) WSS Wea free 
(i) SHA AA HAN St? (aE TAC TAs HPSAT (b) TATA SAT (c) CATA Hae (a) nora AAT 
(ii) FOr Wo OTT UA - (a) WL) WIS (co) Fae (d) aS 
(iii)Choose the correct spelling- 
(a) milenium (b) millenium (c) millennium (d) millenniumn 
(iv)My result did not come --- to my expectation 
(a) Of (b) up (c) across (d) off 
(v) 18 GS APS AAA 30% BI HITT IHS Way FeCA APS WAM 30% CaP HICH PAHs aA AS 
I Hor TOA RIA- 
(a) 20% Ja CAPT FANS (b) 20% FANG (c) 2O% IA PI AMG (d) AS Alo fyQs zafy 
(vi) PRACT IM CHINA BIAS? (a) PHAM (b) ASA (c) WATE (a) ATM 
(vii) CY WSs ASU AAG’ Gra aw Beraa- 
(a) 9&4 (b) 940 (c) 999 (d) 942 
(viii) OBA-BUIMN GOTSANA DARA Pal BI- 
(a) BRP RCA SPECS (b) PARMA TRAA CPS ATES (c) FURR AGT HIT COO*ITA (cd) 
fRHGES TAT 


(ix) IP WV wifta void 4a volume GIA total volume 4a DYN S fe aceT? 

(a) Void ratio (b) porosity (c) Water content (d) Degree of saturation 

(x) BUT FIA PCA CLA BCA CHAT VES AC? 

(a) 202% AIC BPIGIA (b) ROB HLT PTATS (c) ROO HTT HAF OUP (d) RoR 2Firca 

(2) DMA SIRNA ACH AHI TPCT CHPA A -MAloA MSA CH? 

Ge BUTT MPA CTY at 

(©) TofTa oer WMATA AAAS ABT TSA BAI 

Ges MATTSTSAL CH CHA IGA SATS BIA! CIA fSPa METI 

(8) ‘Cl HPS VSIA SAT AA AW-ICS fs AcHV? 

(¢) TTT BY SA] 

The state language movement in 1952 is mainly well known as language movement in 
Bangladesh. Of course the period between 1948 to 1952 is specially significant for language 
movement. Anyway there is a long history about the language debate in this country. This 
pain and success of the rise of Bengali nation is involved with this. It is important to search 
its root. 

Ws SHER WILT VMAWATP OA DCMTAT ALS WA CA WCW ACH 
Wao! WITS o8v CATH soca WAS WITS OT OITA Gal 
FATTO CAAT AS CAM WIT FATT Rots PRCT Tif BOA VICQIAGT eT 
eS ee lees aoa Tals SEPTaT Fat 
SP _AT| 
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(6)Translate in English. 

Cl ANS OT WHIT WT ane I Woe WA Hohe oA Boy 
Sy TUS AT Meal PaNs WATAS ATS AGM WA ANP Ho 
Reart PtA ATCG SAG AfosT ASE Pav AMA TWIT ST Wa Aw 
ya-4eda erie ae aa fees OF Aey SPS cUC SHIA BW WAT 
PT MISHA AT EMT ST ASP AT NOTA! 

Ans: Truthfulness is one of those virtues which make people great. If one does not learn to 
speak truth, then he can never be trusted. He can never be established by anyone who does 
not believe. You can be benefited once or twice by telling lie. There is no permanent benefit 
from such a performance. It will be exposed one day or not. 

(7) Which of the following words is not in the plural form? 

(a)Data (b)radius (c) Plena (d) curricula ; 

(8) Which of the following words is not an adjective? 

(a) humble (b)humane (c)humid (d)humor 

(>) FHS CIA INA SGT ©2 AIMS OM 8 SMA BWPTS 

woss lo fe ANA CHAT AMICT BYATO 8025 RK? 

SA: CIA WANA = 2x 02 = 285] OIA AIA = 2x 02 = VATT 


CI wee ANA = xON , SS =2 a, x =v INGE") 


oo 


(90) UGA IPR BCAA OAT HON Has HA ATS CHAT Po 


HAs CHT CHOTA WS WAM HASTA APY ATG? Us 
wes acérret UBS) AAPA Gay (9-20) 

(0) Teta eerste wreicer Sr fe? 

04) MMOs TELS Gate aa ¢ fF aM fie 

(9b’) Shock Absorber 44 Sree fe> sTANV Wale SS Add @ fH fo 
(9@) Propeller Shaft 1%? Universal Joint IX BIR fee? 

(20) SI faa fo 8 (ba) CRM Batra CErPetm fs fr 

29-90 ALI AYPSce er - 8 rena Carl 

wee Abts Ga Ses 
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(©) CAD-CAM 48 AHN 2 CHAMT WARATAAT 2 

CAM- Computer-Aided Manufacturing. CAD-Computer-Aided Design. 

CAM CHIT Ge FATA 8 OUST GOAMCy WPOGNTAT SIAR 
Fara 

BPryopa_-I6G foo Fas) sao BPTCoA aa a sao was 
fTGIZA BA Re Toa afar AGE Seal 

(©2) UPS 4a ATAN fo Ga BH fe 2 

Gs UPS- Uninterruptible Power Supply 

Bqyo weMa opf aAfpe waqase we aa 42 Capes wa UPA ~The 
WAAR BAI 

(©) MS-Word ae fe Jara> a6 fe vatva WECSRA? 

Ge WAprg oan T ana sans Gao ofa oan aos canary 
WM Waals CBX BATS ACAN! Sor SPASGA HPN WAP Pre AI 
tofa Sar Sal a Oe Tazaasteid all DSN ade WewBPT Pa 
(8) Intranet ACS fF Jarq2 ofS GaRAy ASI 

Us SEAS Salo Cems caaCA Sxorstar HMA Cola Paco, CANA 
PACS, HAAS PATS B CPPMPAT ACG PATS ACAITNAS AUsencneag 
HaASia WATT! (bsec.gov.bd) 

(©¢) LAN, WAN 4a AHA fee 

Gs LAN- Local Area Network WAN-Wide area Network 

WAAL (9) (i) as(ii) d; (iii) c;(iv) d;(v)as(vi) b; (vii)a; (viii)a; (xi) bs(x)a (7) b; (8) d. 
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NESCO Recruiment Examination 2018 
Name of the Post : Assistant Engineer (EEE/ME/CE) 


Exam Hall: RUET 
Full Marks : 50 


1 Tet HBCOT HCAS ABATA ATS CH? 
(A) AASATA SHA (B) MACHT WEPTHA WS 
(C) ACTA SHA (D) CMRI WEA 


2. Gals * Ha Arathor =a fo? 
(A) fants (B) Baath 
(C) WAAKS (D) WICANS 


© FATES CBA RHIC Sora career afSw Be fy? 
(A) TORPTH (B) Petary 
(C) STEP (D) At 


ec a 
ae (B) He 
. AIfacPet (D) WS 
Cz ao IA TH EET aiuto 
CTA? 
(A) CHAM TDA AP (B) *WNYA FRAT 
(C) AOPS SANA —(D) farsfeeT wT 


&, WMAB 7H TVA DTT HBR SIA Pa? 
(A) PRA, PPS, WAHT = (8) GT, OT, ae 
(C) WAafaR, PATA, CHAM: (D) WH, Hall, WES 


4. ‘CNH STAd GUTS BPN BINA Tear wrar’ 


Mato BA CTA? 

A) Aaleae SPA (B) GIT IPA CoLYat 
(C) SST AHAM OFA (D) BATA ATT 

by. fearnBry 4a ATH CTIG? 

(A) GANT PAMAT (B) SS APT 

(C) AAS STAT (D) Wayahera 

&. J Cl GINA COAT NS’ ATT ‘COAT CTA 
aH? 


Time : 40 mins. 
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SET C 


SW Identify the correct sentence 

(a) Yesterday, he has gone home. 

(b) Yesterday, he went home. 

(c) Yesterday, he had gone home. 

(d) Yesterday, he went to home. 
>. Identify the analogy word pair — 
Electricity:wire 
(a) car:highway (b) fluid: pipe 
(c) river:bank (d) light:bulb 
>w&.Which one is correct 

(a)Did you finish the work yet? 

(b) Did you finished the work yet? 

(c) Have you been finished the work yet? 

(d) Have you finished the work yet? 
2. What is the antonym of ‘Impervious’? 
(a) tolerable (b) convince 
(c) penetrable (d) hidden 
20..In a revolutionary development in 
technology, Some manufuctures now make 
biodegradable Forms of plastic, some plastic 
trash bags for example , gradually------ when 
exposed to sunlight. 
(a)harden (b) stagnate 
(c)decompose (d) inflate 
25. Choose the correct spelling: 
(a)Bureaucarcy (b)Bourocracy 
(c)Burocracy (d) Bureocracy 
22.Which one Is singular number? 
(a)Criteria (b) Agenda 
(c)Data (d) Index 


2'9.‘Through thick and thin’ means? 

(a)under all conditios (b) to make thick and thin 
(c)not clear in understanding (d) of great density 
28.We look forward --- a response from you. 
(a)to receiving _—_(b) to receive 
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(A) faceras (B) faceray 

(Cc) Waa (D) fara 

90.'Ah CS AON PA, OCT FCA APTS’ - 
CRIT LATTA WPT? 

(A) Gort areas (B) HAT ATS 

(C) Caifsras arasy (D) Farey Arby 


99. FACES CBT *YHCCTOT BNSI SH? 
(A) @& - PIP (B) YAR - BR 
(C) PR-API (D)/FOR- AAA 


d2.0TS Af WTR CHATS? 
(A) FRI Y (B) OANIA 
(OCSTET (KIERGHAUH 


>. He insisted ----- there. 
(a) Onmy going __(b) is to go 
(c) To go (d) for going 
98.“Prior to” means 


(a)After (b) before 
(c)Immediately (d) during the period of 


9¢.Which is the noun of “beautiful”? 
(a)Beauty (b) Beautify 
(c)Beauteous (d) Beautifully 


24.There are twice as many girls as boys in 
an English class . If 30% of the girls and 
45% of the boys have already handed in 
time. What 
percentage of the students have not yet 


their assignment in due 


handed in their assignments? 


(a) 45% (b) 50% 

(c) 70% (d) 65% 

xu. logs() =? 

(a)2 (b)3 (c)-3.— (d) 2 


25.FBT WHT AB APY 20% Fra Pal 
RET) WAAAY WSHA PS PICA 
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(c)in receiving (d) for receiving 


2@ In a diagram below b:a =7:2.What is (b-a)? 


gig 


(a)20° —- (by 70° 

(c)100° (d) 120° 

QW.x?-8x-8yt 16+y” JAMA BS CU PACA 
carsreset 4VA5f BCI? * 

A) 2xy_ —_ (B) 4xy 

(C)—2xy (D)—4xy 

94. If (5x) years ago , Masud was 12 and x) 


years from now he will be 2x years old.How old 
will he be 3x years from now? 


(a)18 (b)30 

(c)54 (d) 40 
Ob.xt = v3, eHS= ? 
(a)2 (b) 4 

(c) 0 (d) 6 


ws. Som seen cate fame weet cca 
MACH Cl MATT Fay AMeCHT import 4a HS 
RTNTR 

(A) Goo MW (B) 840 MW 

(C) 3000 MW (D) CBINfb2 VA 

80. Cltlo SPACE CDSN VA? 


(A) MAN (B) LAN 
(C)CAN = (D) WAN 
8. SDGs HOCH ALANNA WAZA Po ? 


(A) 380 WY (B) 320 OY 
(C) 99@ BY (D) Hrafoz AT 


82 ANTES CIA CHT YS WRIT BIAPHO? 
(A) @TANGT (B) ATATST 

(C) Gas =D) a 

80. TAMA ABS Ge ancy ALA Garat- 
(A) COA (B) NH 
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aieKaiba CPT WTA SS (C) BRM (D) CPS 

UPC? 

(A) 20% (B) 16.67% 

(C) 15% (D) 30% 

‘90.City B is 8 mile east of city A.CityC is 88. MWR oT A Corea BAW? 
6 miles north of city B.City D is 16 miles (A) BEATA (B) PHAMCTA 

east of city C and city Eis 12 miles northof (C) ARTIS (D) WAT 

city D .A to city E? 


(a)10miles (b) 20 miles 
(c) 24 miles (d) 30 miles 
‘©9.For what value of 8°** = 16* ? 8¢. walter AAT Graefes’ cry ala fer? 
(a)2 - (b)6 (A) CHT WHS = (B) Gnste ford 
(c) 8 (d) 3 (C) Gal TSAT (D) An fia 
92. If 2*5=32, ,what is the value of 3**?? 8U. cafaeon CPATON BEAT CA Bf PRA WITT 
(a)25 (b) 90 BPSfawS AACR- 
(c) 81 (d) 100 (A) SBA (B) CATATUT 
(C) BART (D) ATSeTIEY 
00 Solve it : Bas SVT AA BIG DIRS BI CHA AQ? 
8 eee (A) Boa (B) fare 
(a) (b) > (C) SUTRA (D) PreTSTa 
(@) = (d) 8 | 
98.Vowerl fet 45172 CATA ACCLAIM Sb. Cara Oca ALT AY TCH" AT 
UPC BSAA HNGHNCAT ACA? Riss oa? 
(A) 90 (B) 180 (A) GIafAt (8) Fearou 
(©) 240 (D) 360 (C) FROGT (D) CHTRG 


wees se fF aa YE Corry PCT saad Toman o AH ETH. 
PITS fafeay aT 20a whi HICA oor CHIT (A) TAA 8 CITA (B) Wal 8 VAT 

WOAN SAI Golo PS OHS CostNfaet? (QFIF SVN (D) UAT 8 AAA 

(A) 98 fAGTA (B) Sw FAO 

(C) sv FYGIA (D) 20 FUGA 

‘9.Rashed drove from his home to €0.°Mm@ Org AScy yO fracas Srey ares 
University at 60 miles per hour.Returning CETTE? 

over the same route , there was a lot of (A) baal hus Sefaiss (8) OLGA aTeTeTy 
traffic and he was only able to drive at 40 27 (D) CUNT BATTS OIA CUTSAMG 
miles per hour. If the return trip took 1 hour 

longer, how many miles did he drive each 

way? 

(a)20 (b)100 = (c)60 (d) 120 
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Departmental 
1.(a) A box of mass 30 kg is lying on a rough inclined plane at an angle of 15° with the 
horizontal.Determine the smallest force value and the direction of the box. 


Solution: 
é AB 
Here , sin15° = one 


=AB = 294xsin15° = 76.1 
~F=76.1N Anda=15° (Answer) 


1. (b) Write the differences between stress and pressure. Draw a typical stress-strain 
diagram of mild steel showing Yield strength and Ultimate strength. 

Solution: 

Stress 
1. Pressure is the magnitude of external | 1. Stress is the magnitude of internal 
force applied at a point resisting force. 


2. Pressure always acts normal to the | 2. Stress acts nornmal or parallel to the 
surface surface. 

3. Due to stress, pressure will not 
developed developed. 


4. Magnitude of pressure ata appoints in | 4. Magnitude of stress at a point in different | ~ 
all direction remains same. direction is unequal. 
0G ; ; 
4 | ped A- Proportional limit 
| ye “ys B- Elastic limit 
2 atts C- Upper yield point 
& | / * D- lower yield point 
if E- Ultimate stress/strength 
/ F- Breaking stress/strength 
/ G- Actual Rupture Strength 


» Oo oT 


Strain ——> 


2. The percentage composition by mass of a sample of coal as found by analysis is given 
as C=80%; H2 =4.3%; 02=3%; N2=0.7%; S=1%; ash=2%. 

(i) Calculate the minimum mass of air required for the complete combustion of 1 kg of 
coal. 
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(ii) If 40% excess air is supplied find the percentage composition of the dry flue gases by 
volume. 
Solution:(i) Given, C=80%=0.8 kg ; Hz =4.3%=0.043 kg ; 02=3%=0.03 kg ; 
N2=0.7%=0.007 kg ; S=1%=0.01 ; ash=2%=0.02 kg; 
Air required to complete combustion of 1 kg coal 

100 


= 2 ($c + 8H, +S) — 0,] kg 


= 16 x 0.848 x 0.043 + 0.01) — 0.03] kg 
= 10.684 kg (Answer) 
3: (a) Draw a schemetic combined cycle diagram of Gas turbine-Steam turbine plant. 


COMBUS TRON 
CHANBER 


7 STEAM 

| TerRessinet 
| HEAT RECOVERY 
} STEAM GENERATOR 


ss ray 
TURE GLNERA POR 


AIR FLOWS 
FLUE GAS 

STEAM AND WATER FLOW 
vee REL 


| 


Dacetete ead 


3.(b) A power plants has the following annual factors: load factor=90% ; ; Plant capacity 
factor=40% ; Plant use factor=45% .Maximum demand is 15 MW. Estiamte (i) Annual 
energy production. (ii) The reverse capacity over and above the peak load and (iii) 
Hours during which the plant is not in service per year. 


Solution: 


; Average Load 
a) Load factor = ———= 
Maximum Demand 


=> Average load = 0.90 15= 13.5MW 
-. Annual energy production = 13500KW * 8760h = 118.26 x10°K Wh (Answer) 


Average load 
Plant Capacity 


=> Plant capacity = ~ = 33.75MW (Answer) 
. Reserve capacity over and above the peak load = 33.75—15 = 18.75MW 


Energy generated per year 


b) Capacity factor = 


c) Use factor = : 
plant capacity xhours in operation 


: , 118.26 x10® 
=> Hours in operation = ———.——- = 7786.7hrs 
33.75X103x0.45 


.. Hours not in service in year = 8760—7786.7 = 973.3hrs (Answer) 

4.(a) A piezometer and a Pitot tube are tapped into a horizontal water pipe as shown in 
the figure. To measure static and stagnation pressure. For the indicated water coloumns 
heights . Determine the velocity of water. 

Solution: Here, 
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P, = pg(h, + hz) a—}e4 
P, = pge(h, + hz + hs) lia= tt 


Pp 2 
W t,— ——— 7. = 
e ge oer + 4, 


Ps 2g pg 
vi? _ pg(hyt+ha+h3)—pg(hith2) _ h 
a — B43 


=> 

2g pg 
= v1? = 2gh3 oY 
=v, = /2gh3 = 1.53m/s (Answer) ali 


4.(b) Name the components of a nuclear power plant .write down the working principle 
of a nuclear power plant. Name some fuels used in a nuclear power plant. 
Solution: Components of a Nuclear Power plant are: 

1.Reactor assembly 

2.Steam generator 

3.Power generator 

4.Fuel handler 

5.Safety system 

6.Control room 
Most nuclear fuels contain heavy fissile actinide elements that are capable of undergoing and 
sustaining nuclear fission. The three most relevant fissile isotopes are Uranium-233, 
Uranium-235 and Plutonium-239. 
5. (a) Write the difference between Refrigeration and Air-Conditioning. Draw a 
schemetic diagram of a vapour compression refrigeration system. What is the function 
of expansion device in the system? 
Solution: 


Air Conditionar 


space enclosed space. 
system. comfort 
3. No humidifier or dehumidifier used in 3. Humidifier or dehumifier is used in AC. 


Ut Gx: 


Condenser 


Expansion Compressor 
valve 


Evaporator 


2. 
Fig: Schematic diagram of vapour compression refrigeration system 
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Function of expension device in Refrigeration system: The expansion valve removes 
pressure from the liquid refrigerant to allow expansion or change of state from a liquid to a 
vapor in the evaporator. The high-pressure liquid refrigerant entering the expansion valve is 
quite warm. This may be verified by feeling the liquid line at its connection to the expansion 
valve. 

5.(b) A counter flow double pipe heat exchanger is to heat water from 20°C to 80°C at a 
rate of 1.2kg/sec. The heating is to be accomplished by geothermal water available at 
160°C at a mass of 2 kg/sec. The inner tube is thin-walled and has a diameter of 1.5 cm. 
If the Overall heat transfer co-efficient of the heat exchanger is 640W/m7°C. Determine 
the length of the heat exchanger required to achive the desired heating. Take the 
specific heat of water and geothermal fluid is 4.18 and 4.31 KJ/kg°C respectively. 
Solution: 


20°C at 


160°C at MT 12 kg/sec 
+ 2ke/sec | | aa H 
i 


Hot 
out 
2) 


Cold | soc 


—— 


out 


The rate of heat transfer of the heat exchanger can be determine as 

= mCp (Tou Tin)water = 1.2X4.18x(80—20) = 301 kW 
The outlet temperature of the geothermal can be determine as, 

US mc,(160— T) geothermal 301 kW 


--Tout,geothermal — =125'G. 


Now, AT, =160 - 80 =80°C 
AT2= 125 - 20=105°C 
AT,—AT 
AT\im = —aT— = 91.9°C 
ma Ing) 


Now , Q=UA, AT} m = 640X1xDXLx91.9°C = 301x109 

-. L= 109 m (Answer) 
6. (a) What is the role of mechanical engineers in power generation and distribution in 
Bangladesh(Not more than 500 words). 
6.(b) What is the effect on the “North Side” of Bangladesh for sufficient electricity in 
every house? (Not more than 500 words). 
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Bankers Selection Committee (Three Banks Combined Exam) 
Post: Assistant Engineer 
Date: February/ March-2019 
Full Marks-200 

Departmental- 8x 15= 120 
1. Find the thickness for a tube of internal diameter 100 mm subjected to an internal 
pressure, which is 5/8 of the value of the maximum permissible circumferential stress. 
Also find the increase in internal diameter of such a tube when the internal pressure is 


90 N/mm?.Take E = 205 kN/mm? and p= 0.29. Neglect longitudinal strain. 
Solution: Given, D=100mm; P = : Or 


We get, of = = 
steix2sixit= 31.25 mm (Answer) 
We wal that increase in diameter of a tube, 
AD = 222° (4 —H) = 0x20" _ (1 — 2°) = 0.06mm (Answer) 


2. The centrifugal pump delivers water against a net head of 14.5m and at design speed 
of 1000rpm. The vanes are curved back at an angle of 30° with the periphery. The 
impeller diameter is 300mm and outlet width 50mm. Determine the discharge of the 
pump, if the Manometric efficiency is 95%. 

Solution: Given, Hn=14.5m; N=1000rpm; 9=30°; D2 = 0.3m; Bo = 0.05m; Nmano = 0.95 


mMD2N mx0.3X1000 
“U2 == = I = 15.707m/s 


H 
We get, Nmano = Ves 


& 
14.5 


=0.95= Vw2%i5.707 


g 
“Vw2=9.532m/s 
From outlet velocity triangle, 
tan > = ——2— ve 


2—-Vw2 


=Vp = 3.566m/s 
2. Q= aD, ByVpp = 1X 0.3 X 0.05 X 3.566 
= 0.168m3/s (Answer) 


3. A diesel engine having bore 100 mm and stroke 120 mm, Cut off volume is 6% of 
swept volume and clearenace volume is 10% of swept volume. Determine air standard 
efficiency. 

Solution: Given, D = 100mm = 0.1m; L= 120mm = 0.12m 
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10 
Clearance volume, V. = — 


100 § . 
_ Vs __ 100 
“Ve £0 
VetVs  100+10 
> Oe 


“r= 11; Again, r= =11 

2 
Cut off volume = 6% of swept volume 
“V3 — V2 = 0.06 x (V; — V2) 
Let, V, = 1;V, -V. =11-—1=10 
> V3 — V2 = 0.06 x 10 = 0.6 
=> V3 = 1+0.6=1.6 


p= Vo = 1.6 ai 
er ee (ives Sl (Laer ees come CE) ee 

nad ry-2 [es 'y all 1.4(0.6) 0.5753 

= 57.53% (Answer) 


4, A roller gate of cylindrical form 3.0 metres in diameter has a span of 10 metres. Find 
the magnitude and direction of resultant force acting on the gate, when it is placed on 
the dam and the water level is such that it is going to spill. 


Solution: Given, dia. Of gate = 3m; span = 10m and depth of water = 3m. — 
We get, Vertical area of the roller gate, A= 3x10=30m" 


And depth of c.g. of the vertical area of the gate, h = = 1.5m 


-- Horizontal pressure on the roller gate, Py = pgA h = 1000x9.81*30x1.5 
= 441500N =441.5KN 
.. Vertical pressure on the roller gate, Py = weight of the imaginary water lying in the curved 


portion ACB = 9.81 [= x = x 3? x 10] = 346.7KN 


-. Resultant force acting on the gate, P = [Pa + Py? 


= V441.52 + 346.77 = 561.4KN (Answer) 


Direction of the resultant force: 
a= Angle which the resultant force makes with the horizontal. 
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We know that, tana = —* = 2 = 9.7853 or,a = 38.1° (Answer) 

Py 441.5 
5. A circular section tapered bar is rigidly fixed as shown in figure. If the temperature is 
_ raised by 30° C, calculate the maximum stress in the bar. 


Take E=2x10° N/mm’; « =12x10° /C [similar] 


A 
B 
Beene D,=100mm 
1.0m 
: ‘ > aEATD 12x107©x 2x10°x30x0.20 
Solution: We get, maximum stress = —— = er = 144 MPa (Answer) 
2 . 
6. Draw Pressure -Velocity compounding for impulse turbine & reaction turbine. 
[Similar] 
Answer: 
Impulse Turbine ’ ; 
velocity campounding Reaction Turbine 

§ 

7. Find SFD and BMD. 
20 kips — 12 kips 1.5 kips/ft 


taped oder alt ae 


-Job Solution 


> M, =0 
0 = D(24 ft)—(20kips X6 ft)— 
(12 kips X14 ft) — (12 kips 28 ft) 
D = 26kips 
> F, =0 
0 = A, —20kips —12kips 
+ 26 kips —12 kips 
A, =18kips 


Mdop {D4 198 


9. Draw stress-strain diagram of mild steel. 
10. Draw TOP VIEW, FRONT VIEW and RHS VIEW. 


O 
eo O 


TOP VIEW 


7? Pr! 


' RHS VIEW | 


FRONT VIEW 


Non Departmental (80) 
Marks for (1-2)=2x10=20 
1. A train overtakes two persons walking along a railway track. The first one walks at 
4.5 km/hr. The other one walks at 5.4 km/hr. The train needs 8.4 and 8.5 seconds 
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respectively to overtake them. What is the speed of the train if both the persons are 
walking in the same direction as the train? 
Solution: Here, 4.5 km/hr =1.25 m/sec and 5.4 km/hr = 1.5 m/sec 


Let the speed of the train be x m/sec. 
Then, (x —1.25) x8.4 = (x-1.5) x 8.5 


=>8.4x-10.5 = 8.5x —-12.75 
=>0.1x = 2.25 
=>x =22.5 


.. Speed of the train = 22.5m/s = 81 km/hr (Answer) 


2. Two boats on opposite banks of a river start moving towards each other. They first 
pass each other 1400 meters from one bank. They each continue to the opposite bank, 
immediately turn around and start back to the other bank. When they pass each other 

a second time, they are 600 meters from the other bank. We assume that each boat 
travels at a constant speed all along the j journey. What is the width of the river? 


Solution: 


Let V; and V2 be the constant speeds of the two boats and t,; the time when they first pass 
each other and tz the time when they pass each other for the second time. Let x the width of 


the river. 
For First time passing, 
1* boat, 
Vit; = 1400 


V2 ty =x-1400 
: _ ¥~ 1400 
Vis 


1400 x-1400 x 


Vit V2 =— t ies 


ty ty 
For second time passing, 

1* boat, 

Vi t)=x +600 

2" boat, 


Vo tp =x +x-—600 
x+600 , 2x-600 3x 


“Vit V2 =——— ha ae ere 


2 ta ie 
From equation (i) & Gi) = —= = 
2 
at, = 3ty 
For 1 Boat of two time passing, 
1400 _ x+600 


“th to 


i4cCm 
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1400 _ x+600 
te? >, ae: 
= 4200=x+600 
“x = 3600m (Answer) 
3. Translation Bangla to English and English to Bangla = 20 


4. Essay writing (English Green banking, Bangla 4 6 4aifa Pia) 20x2= 40 


Green Banking 
Green banking is a process of promoting environment friendly practices by different banking 
activities. Bangladesh is a most climate change vulnerable country in the world and green 
banking is a tool for acquiring reputation. Green bankers are concerned about sustainable — 
development and it is a special agenda to take care of environment of the earth. Green 
banking is a proactive and effective step with a vision for future sustainability. Green 
banking activities are sustainable banking, ethical banking, green money market account, 
‘mobile banking, waste management, remote deposit and green financing. Green banking 
focuses on green transformation of internal operations of all banks. 
There are many differences compared with normal banking, they give more weight to 
environmental factors, their aim is to provide good environmental and social business 
practice, they check all the factors before lending a loan, whether the project is 
environmental friendly and has any implications in the future, you will awarded a loan only 
when you follow all the environmental safety standards. 
Basically Ethical banking avoids as much as paper work, you get go green credit cards, go 
green mortgages and also all the transactions done through online. Creating awareness to 
business people about environmental and social responsibility enabling them to do a 
environmental friendly business practice. They follow environmental standards for lending, 
which is really a good idea and it will make business owners to change their business to 
environmental friendly which is good for our future generations. When you are awarded with 
a loan, the interest of that loan is comparatively less with normal banks, because ethical 
banks give more importance to environmental friendly factors they do not operate with high 
interest rates. Overall Green banking is really a good way for people to get more awareness 
about global warming. Each businessman will contribute a lot to the environment and make 
this earth a better place to live. 


In Bangladesh Bank’s Recent Reform Initiatives, it has been written that green banking 
products are those that help create a favorable impact on the environment. As part of the 
Riot+20 Summit, Bangladesh and Vietnam jointly organized a side event on June 19, 2012, in 
Rio de Janeiro, Brazil to discuss how to ensure green development in the backdrop of a 
rapidly changing climate. On February 27, 2011, the Banking Regulation and Policy 
Department of the Bangladesh Bank issued a circular to all scheduled banks to take necessary 
steps towards initiating and implementation of green banking in each bank. 
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=a 8 Tafa Pay 


safe Caria med ats aytafes Gary pa 8 wana Pics (PHAN) ANAS 
fren acara! Sai yaaa CHA UCHOS GANAS 4 ACSA OANA ATARI ATOIG 
AAA] a Cea WIT SAAAPos FA VTA UTS Gre Za 8 Pasa HES 
few ofr aca aeareeis uetafes age ug, oratsasy SCT GIA, “fas 
CMON Shs PT UGTA GAGA ACOA OA GHY GAA PAT AA A ACH] 
CHAOS TeenlH*y Sela PCTS MHESA CATA FATS “NTA , 

EH SO wala Picea FAST B ARAMA AMT DH HSA BS | AGN CPT SCHABLG PA 
8 axfais fFcata! WAG 9 AGa walt CATs TTS AVUIATAN Pec WATAA PATH 
MATH Mepl HAH WS oofooirs wits xe APOPACT SI PAaTYl AGAT 
AULPSHT PRINS ACOA GAT COMTHLGS COS Ge] Pal ACI GHIVE HSH OFC 
CAT AEICRI Tat Goren Ges fara Her HASTA APTN AVYA AHAPA CTA 
RCAC ALN AielPA AMAT PAA IMAIS 8 ret cara fasrspracyn sao 
fourn arate ois arse iced Gaacy Noisy, NAGA 8 WAltel WAAR PACA! 
CUMS TST B CATT SAHfGCS HAAOBIAIA OAT MTA PACA 


BUET MSc Admission -2018 
[October Term] 
Date: 13.11.2018 
Time: 6.00PM to 7.00PM 
Marks: 12x5=60 
Exam Hall: EME Building, BUET 
1. Matching the table: 
Somerfield Number Journal bearing 
Shaper machine Quick return motion mechanism 
Foundry lab Molding 
2. Find the speed of gear 4. 
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Solution: 


N2 Ng Ti T3 


Nz 80°70 56 
__ 50x56 


= 140rpm (Answer) 


3. A cutiesey beam with diameter 100mm, length 3m is subjected to a load of 5KN. 
Find the tip deflection if E = 200GPa. 
Solution: 
ee pi? 5x10 x33 

3El 3x200x103 xx aqxoit 
4. A steel bar of 2m length is under tensile load of 2KN.Find the minimum diameter of 
the bar if maximum allowable stress is 150MPa and maximum allowable deflection is 


3mm. 
Solution: 
We get, Again, 
_F _ FL 
2000 hd 2000x2 
x 
= A= SA=.— ON 
150x106 3x107-3x200x109 
™T 
=>-d?= 
4 150x106 ashes 2000x2 
= d=4.12mm 4 3x10~-3x200x109 
= d=2.91mm 


So, minimum diameter of the bar will be at least 4.12mm. (Answer) 
5. LKN force is required per unit area to give the belt 10 m/s at right side, as shown i in 
figure, determine the viscosity of the fluid. 


Solution: 
— au 
dy 
= 1x103= px — 
0.002 


=> p= 0.2 Pa.s (Answer) 
6. An equation of temperature was given [T=f(y)], boundary condition was also given to 
find the constant term of the given temperature equation [At, y=0, u=0], Find the heat 
flow rate from this plate. 


Fundamentals of Mechanical Engineering QB-277 


7. Find out the efficiency for Otto cycle for the specific heat 
working fluid is considered as 1.50 and compression ratio is 10. If the cut-off ratio is 
1.96 then what will be diesel cycle efficiency? 


Solution: Given, y = 1.5,p = 1.96,r = 10, Hout, =? and Ngise) =? 


For Otto Cycle: For Diesel Cycle: 
ae ee ee = ae he: |e 
Notto = 1 (r)Y-1 ; Ndisel = A ~wilyenn > 
= 1] -—-———— 1 [(1.96)25-1 
Or, Notto = 1 (10)15-1 ais | 1.5(0.96) | 
OT, Notte = 0.6837 = 0.6170 = 61.70% (Answer) 


“ Notto = 68.37% (Answer) 
8. A 50hp engine has a thermal efficiency of 45%. If the calorific value of the fuel is 35 
MJ/Kg, determine bsfc. 
Solution: 
Given, Power Output= 5O0hp; n=45%; C=35MJ/Kg; 


Power Output 
We get, n = ———————— 
get, 1 Power Input 


«Power Input = ~~ = 111.11 hp = 82.85 KW 
Power Input= mC = 82.85 KW 
7 nig =e PowerInput 82.85 = 0.0024 Ke/ gad 


Cc ~~ 35x103 es 
m 0.0024 x3 
~-bsfe= ———_. = ———_=— = 0,232 Kg/KWh (Answer) 
Power Output 500.746 


9. Air is flowing at 2m/s in a 30mm diameter pipe. f= 0.03 


Pi=? . 
V=2m/s P2-300KPa 
3Km 
Air, p = 1.3Kg/m} 
Solution: 
Pa , VA Pg v3 
~ +4 7=-—-+—-+ 2th 
PS 2g A Ps 2g B : 
fLV2 


> Pa= Pat p8 X Fa 
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2 
= 300 x 10? +13 x sen 
20.03 


- Py = 307.8 KPa (Answer) 
10. 80Kg iron at 80°C is dropped into 0.5m? water at 25°C.Find the final temperature 
of water if heat capacity of iron is 0.45KJ/Kg.k. 
Solution: Let, the final temperature is T °C. 
Mass of water = pV = 1000 x 0.5 =500kg 
We get, (mC, AT) water= (mC, AT )iron 
=> 500 x4.2x (T — 25) = 80x0.45x(80—-T) 
=> T = 25.93°C. (Answer) 
11. A wall has the dimension of 3mx2mx0.2m, if the heat transfer coefficient of inside 
and outside of the wall is 10 W/m?K and 20W/m?K respectively then determine the 
heat flow rate through this wall. Thermal conductivity of wall material is 0.5 W/m?K 
and temperature difference is 10°C between inside and outside the wall. 


Solution: 
AT AT 10 
ra ite a ee 
th iA KA hoA —10x6 0.5x6 * 20x6 
12. Drawing. 


Bangladesh Bank (Assistant Director-ME) 
Date of Exam: 11 Jan 2019 
Venue: Govt. Science College, Farmgate, Dhaka. 
Conducted By: AUST 
Full Marks: 200 [170 Written + 30MCQ] 
Time: 2hr ‘ 
1. What are the selection factors of Boiler? Write the effect of Economizer and 
Superheater in a steam generating plant. 
Answer: Selection factors of a Boiler 
1. The Power required and the working pressure. 
2. Rate at which steam is to be generated. 
3. Geographical position of the power house. 
4. Availability of fuel and water. 
5. Type of fuel to be used. 
6. Probable load factor. 
7. Probable permanency of the station 
Economiser: An economizer is a heat exchanger used for heating the feed water before it 
enters the boiler. The economizer recovers some of waste heat of hot flue gases going to the 
chimney.As the name indicates, the economizer improves the economy of the stem boiler. 
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Superheater: Superheater is also a heat exchanger .Its purpose is to increase the temperature 
of saturated steam without raising its pressure. The heat , given up by the flue gases , is used 
in superheating the steam by superheater. 


2. A powerhouse is equiped with Pelton type impulse turbine. Each turbine delivers 
14MW when working a head 900m and running 600 rpm. Find the diameter of the Jet 
and mean diameter of the wheel. Assume the overall efficiency is 89%, velocity co- 
efficient 0.98 and speed ratio 0.46. 


6 
Solution: Power supplied by the water to the turbine = — = 15.73 x 10°W 
_ 15.73x108 3 
Flow rate, Q = Tro5ino00 @ 1:78 m"/s 


Inlet jet velocity is 

V, = Cy./2gH = 0.98 x V2 x 9.81 x 900 = 130.22m/s 
If d is the diameter of water jet, then 
1.78 == d? x 130.22 


>d= (8 1/2 = 0.132 = 132mm (Answer) 
1X130.22 


Blade speed is U = 0.46 130.22=59.90m/s 


Hence mean diameter of the wheel 


pat. ee = 191m (Answer) 


3. Water flows through a pipe of radious 8cm with a velocity of 10 m/s .When water 
enters a 3cm radious pipe, what is the velocity of water in 3cm radius pipe? 

Solution: Here, A, = 1 X r,2 = 1 x 8? = 64cm? and Ay =1 Xr? = 1x 3* = 90cm? 
We get, 

AiV;i _ A2V2 

= 64m x 10 = On x V2 

=> V, = 71.11 m/s (Answer) 

4. Draw P-V diagram of Otto and Diesel cycle. In a diesel engine compression ratio 17 
and fuel cutoff at 10° of the stroke. Find the air standard efficiency of the engine. 


Answer: Same as Power Development Board (PDB)-2010 Question-9 and Power Grid 
Company Ltd.(PGCB)-2017 Question-10 


5. Draw the shear force and bending moment diagram. Also determine minimum 
normal stress due to bending. 


20KN 40KN 


A c D 2500 


tr 


ea 3m er 80mm 


ae 
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From DF, =0 and 2 Mp = 0 

» Rg = 40KN and Rp = 14KN 
Mg= 5OKN-m 

S == bh? == x 0.08 x 0.257 


= 833.33x10-6 m3 

Mp —- 50 x 103 
“§ 833.33 x 10-6 
“Om = 60 X 10°Pa (Answer) 


Om = 


6. What are the principles of Management by H.Fayol which is widely used by manger 
and organization. 

According to Henri Fayol there are 14 principle of Management. 

1.Division of Work: 

Henri Fayol said that specialization in work increases the productivity and improves 
efficiency. Division of labour also leads to the specialization, accuracy, and speed of the 
workers. This principle is applicable both in managerial as well as technical work. 
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2.Authority and Responsibility: 

These are the two key things in management. While authority enables the management to 
delegate work, responsibility makes them accountable for any work done under their 
leadership. 

3.Discipline 

4.Unity of Command 

A person should ideally answer to just one boss. If an employee is given work from more 
than one boss, there arises a conflict of interest. 

5.Unity of Direction 

For any corporate to prosper, there must be a unified goal. The responsibility of planning 
falls on the manager and he also must monitor the progress towards said goal. 
6.Subordination of Individual Interest: 

This principle states that the interest of an individual will be subordinate to the objectives of 
the organization. 

7.Remuneration 

Remuneration may be monetary or non-monetary. At the end, the employee must feel that he 
was appropriately rewarded for his efforts. 

8.Centralization 

Henri Fayol said that there must be a balance in the hierarchy and division of power. 
9.Scalar Chain 

Henri Fayo! talks about a clear line of hierarchy from the top rung to the lowest. So that 
every employee knows who is their immediate senior in the times of conflict or crisis. 
10.Order 

There must be a proper defined order maintained at the work premises so that it makes for a 
conducive work environment. 

11.Equity 

Employees should be treated with equality and respect. This is among the core values of 
management. 

12.Stability 

An employee is able to deliver better when he is secure in his job. It is the duty of the 
management to offer job security to their employees along with a promise of growth. 

13. Initiative 

Sometimes groundbreaking ideas come from unexpected places. The management must 
encourage its employees to take initiatives in the organization. It will make them feel valued 
and develop their interest. 

14.Esprit de Corps 

This is one of the core principles. The management must ensure that the team remains 
constantly motivated and are cooperative with each other. 

7. Explain the term “Torsional Rigidy” and “Lateral Rigidy”. A hollow shaft is 
subjected to a torque 4MN-mm and bending moment 3MN-mm. Determine the 
diameter of the shaft. Maximum shear stress is 82 KN/mm? and internal diameter is 
half of the external diameter. 
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Answer; 

Torsional rigidity: Torsional rigidity is the ability to resist twist under the action of an 
external torque. Mathematically it is defined as the product of modulus of rigidity (C) and 
polar moment of inertia of the shaft (J). Hence, 

Torsional rigidity = C x J 

Torsional rigidity is aslo defined as the torque required to produce a twist of one radian per 
unit length of the shaft. 


} Laer TXL 
Torsional rigidity = oa 
Lateral rigidity: Lateral rigidity is the ability to resist deflection under the action of external 


forces. So, it is the resistance against the bending deformation or the minimum force required 
to deform the object by bending. 


Solution: We get, Maximum shear t = es VM2 + T2 


Here, Maximum shear t = 82 KN/mm? = 82 x10°9N/mm?; Bending moment = 3MN-mm= 
3x10°N-m; Torque = 4MN-mm= 4 x 103N-m and D =2d 


° _ _16xD —  16xD 3 

“82 x10? = mDta") ¥ (3 x 103)? + (4 x 103)2 = as x5 10 
16x2xd 

= 82 x109 = maces. © 5x 10° 

= d? = 4.14 x1078 

“d= 0.0035 m = 3.50 mm 

D=7 mm 

Answer: External diameter 7 mm and internal diameter 3.50mm 

8. With sketch describe four Lathe operation. What are the differences between face 

milling and peripheral milling. 

Answer: 

Facing: 

Facing is the operation of machining the ends 

of a piece of work to produce flat surface 

square with the axis. The operation involves 

feeding the tool perpendicular to the axis of 

rotation of the work. 


Turning: 
Turning in a lathe is to remove excess 
material from the workpiece to produce a 
cylindrical surface of required shape and 
size. 


Work 


J we eas 
Oe ee ne 


i 


| is 


[ospeoooce Turning tool 


—— Facmg tool 


Fig.: Straight Turning 


Direction 
of feed 


Fig.: Facing 
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Chamfering: 

Chamfering is the operation of bevelling the 
extreme end of the workpiece. The form tool 
used for taper turning may be used for this 
purpose. Chamfering is an essential operation 
after thread cutting so that the nut may pass 
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Thread cutting: 

Thread cutting is one of the most important 
operations performed in a lathe. The process 
of thread cutting is to produce a helical 
groove on a cylindrical surface by feeding 
the tool longitudinally. 


freely on the threaded workpiece. 


Spindle 


Form tool 


Fig.: Chamfering 


Fig.: Thread cutting 


: These are the two broad 
categories of milling operations. In peripheral milling the teeth are located on the periphery 


Differences between face milling and peripheral millin 


of the cutter body and in face milling the teeth for cutting are on both the periphery and the 
face of the cutter. 

In peripheral milling the surface of work piece is parallel with the axis of rotation of the 
cutter but in face milling it 1s at right angles to the cutter axis. . 

Peripheral milling can be used for both flat and formed surface depending on the axial 
contour of the cutter. In face milling, while most of the cutting is done by the peripheral 
portions of the teeth, the face portion provides finishing action. 

Peripheral milling is usually done on horizontal spindle machine, but face milling can be 
done on both horizontal and vertical spindle machines. Face milling produces a smoother 


surface than peripheral milling. 


Fig.: Face milling 
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9. List the properties of good molding sand. Enumirate the diffects in a sand casting 
and method to eliminate them. 
Answer: 
Properties of good molding Sand: 
e Porosity or Permeability 
Flowability 
Collapsibility 
Adhesiveness 
Cohesiveness or Strenght 
Refractoriness 
Green Strength 
e Dry Strength 
Casting defects and method of elimination: 
1. Shift or Mismatch: 
Remedies : 
(i) Proper alignment of the pattern or die part, molding boxes. 
(11) Correct mountings of pattern on pattern plates. 
(iii) Check the alignment of flask. 
2. Swell 
Remedies 
(i) The sand should be rammed properly and evenly. 
3. Blowholes: 
Remedies 
(i) The moisture content in the sand must be controlled and kept at desired level. 
(ii) High permeability sand should be used. 
(i11) Sand of appropriate grain size should be used. 
(iv) Sufficient ramming should be done. 
(v) Adequate venting facility should be provided. 
4. Drop 
Remedies 
(i) Sand of high strength should be used with proper ramming (neither too hard nor soft). 
(11) There should be proper fluxing of molten metal, so the impurities present in molten metal 
is removed easily before pouring it into the mold. 
(iit) Sufficient reinforcement of the sand projections in the cope. 
5. Metal Penetration 
Remedies 
(i) This defect can be eliminated by using high strength, small grain size, low permeability 
and soft ramming of sand. 
6. Pinholes 
Remedies 
(i) By reducing the moisture content of the molding sand. 
(ii) Good fluxing and melting practices should be used. 
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(iii) Increasing permeability of the sand. 

(iv) By doing rapid rate of solidification. 

7. Shrinkage Cavity 

Remedies 

(i) This defect can be removed by applying principle of directional solidification in mold 
design. 

(ii) Wise use of chills (a chill is an object which is used to promote solidification in a specific 
portion of a metal casting) and padding. 

8. Cold Shut 

Remedies 

(1) Improved gating system. 

(11) Proper pouring temperature. 

9. Misrun 

Remedies 

(1) Increasing the pouring temperature of the molten metal increases the fluidity. 

(11) Proper gating system 

(111) Too thin section is avoided. 

10. Slag Inclusion 

Remedies 

(i) Remove slag particles form the molten metal before pouring it into the mold cavity. 

11. Fins 

Remedies 

(i) Correct assembly of the mold and cores. 

(11) There should be sufficient weight on the top part of the mold so that the two parts fit 
together tightly. 


10. Describe the summer and winter air conditioning system with diagram. What are 
the important factors that effect human comfort? 

Answer: 

Winter Air Conditioning System: 


Recirculated air t——— Conditioned 
space 


Fan 
/ Preheater Reheat Coil 


Fig.: Winter Air Conditioning 


Filter 
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The outside air flows through a damper and mixes with the recirculated air. The mixed air 
passes through a filter to remove the dirt, dust, and impurities. 

The air now passes through a preheat coil to prevent the possible freezing of water and to 
control the evaporation of water in the humidities. After that, the air is made to pass through 
a reheat coil to bring the air to the designed dry bulb temperature. 

Now, the conditioned air is supplied to the conditioned space by a fan. From the conditioned 
space, a part of the air is exhausted to the atmosphere by the exhaust fans. The remaining part 
of the used air is again conditioned and this will repeat again and again. 

Summer Air Conditioning: 


Recirculated air e—— Conditioned 
space 


Perforated membrance 
Outside air 


| 
a: 


Fan 
Cooling Coil An Heating Coil 


Sump 


Fig.: Summer Air Conditioning 
The outside air flows through the damper and mixed with recirculated air (which is obtained 
from the conditioned space). The mixed air passes through a filter to remove the dirt, dust 
and impurities. 
The outside air is sucked and made to mix with recirculated air to make for the loss of 
conditioned air through exhaust fan from the conditioned space. 
Factors affecting Comfort air conditioning: 
(i)Temperature of air 
(ii)Humidity of air 
(ii)Purity of air 
(iv)Motion of air 
(v)Clothing 
(vi)Sex and age 
(vii)Activity 
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11. Write the difference between refrigeration and heat pump. List commonly used 
refrigerant and the properties of good refrigerant. 


There is no difference between a heat 
pump and a refrigerator in the case of its 
cycle of operation. The main difference 
between the heat pump and refrigerator is 
its operating temperatures. The working 
temperatures of a refrigerator are cold 
temperature T, and atmospheric 
temperature Ta. Whereas, for a heat pump, 
the working temperatures are atmospheric 
temperature and hot body temperature T3. 
Here, 

Ty =Ta 

COP always greater than 1. 

Hot volume is the product and T,>Ta. 


A refrigerator is a reversed heat engine 
which cools and maintains the temperature 
of a body lower than the atmospheric 
temperature. ; 

This is done by the process of extracting 
heat from the cold body and then delivers 
it to a hot body. In the figure, Q; is the 
energy taken from the cold body and Q) is 
the energy given to Tz. Since T2>T), a 
work should be done to the system in 
order to make the process feasible. 

Here, 

T2, will be equal to the atmospheric 
temperature. 

COP may be greater than, equal to or less 
than 1. 

The product is cold volume and T,<Ta 
Where, Ta = Atmospheric Temperature. 


List of the Refrigerant: 

Mostly used Refrigerants: 

- R—134a (CH2FCF3, boiling point: -26°C) 

- R—410a (50% CH2F2+50%CHFCF;, boiling point: —48°C) 
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Other commonly used refrigerants: 
-Ammonia 
- Freon 12 (R-12) 
- Freon 22 (R-22) 
- Dry ice (CO2) 
- CFC (chlorofluorocarbon) 
- HCFC(hydroch1 orofluorocarbon) 
- HFC (hydrofluorocarbon) 
Properties of Refrigerant 
Thermodynamics properties: 
1. Boiling temperature- low as far as possible 
2. Freezing temperature- high as far as possible 
3. Compressor and evaporator pressure- it needs to be above atmospheric pressure. If it 
is not, it becomes difficult to detect the leakage. 
4. Critical temperature and pressure- it should be high 
5. COP & power 
Chemical properties: 
1. Flammability: Should be low. 
2. Toxicity- Should be low. 
3. Solubility with water- Should be low. 
4. Miscibility- Ability to mix with oil is called miscibility 


Physical properties: 
1. Corrosive property 
2. Viscosity 
3. Leakage tendency 
4. Inertness & stability 
5. Thermal conductivity 
6. Dielectric strength 
7. Cost 


12. Draw TOP, FRONT and SIDE view of the figure. 
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Rural Power Company Limited (RPCL) 
Post: AE (Mechanical) 
Time-03:30PM to 5:00PM 
Date: 05.07.2019 Venue: MIST 
Non Department 60 + Department 40 
GK (20)+#angla (5)+English (10), Analytical = 20 & Power sector related (5). _ 

Departmental 8 questions 
1. For a fully developed flow of water in a pipe having diameter 10 cm, velocity 0.1 m/s 
and kinematic viscosity 107 m/s, find out the value of Darcy friction factor? 


Solution: Given, D = 10 cm = 0.1 m; V = 0.1 m/s and v = 10° m?/s 


VD 0.1.x 0.1 ; ; 
e= oo ae = 1000 , As Re < 2300 so flow is laminar ; 
-. Darcy friction factor, f = — aang = = 0.064 (Answer) 
2. Determine by direct integration the Ye Shs 1/3 
moment of inertia of the shaded area y ae ne 


with respect to the y axis. 


Solution: 
ES b 
y = kx3 or,b = ka3 k= 
b 1 = 
so,y == x3 
a3 
bi 
Now, dl, = x*dA = x?ydx = x? > x3 dx 
b e 
. 7 
= — x3 dx 
a3 


= — rab, _ 33 
ly = fdly = J, an dx = —a*b (Answer) 


QB-290 * Job Solution 


3. A generating station has a connected load of 43MW and a maximum demand of 20 
MW; the units generated being 61-5xX10° per annum. Calculate (i) the demand 
factor and (ii) load factor. 


Solution: 
(i) Demand factor = maximum demand _ 20 9.465 or 46.5% (Answer) 


connected load 43 


Hours in a year 8760 


:. Load factor= = Average load = 7020253351 or 35.1% (Answer) 


Maximum demand 2010" 


4. (a) Differentiate between energy and exergy. 
Answer: 


Exergy 
1. Exergy is a thermodynamic term 
describing the maximum useful work that a 
substance can perform during the process of 
bringing a system into equilibrium with a 
heat reservoir. . 


2. Energy of a substance refers to the work it | 2. Exergy of a substance refers to the 
can perform. maximum work that it can perform. 


3. Energy is a quantitative measurement. 3. Exergy is a qualitative measurement. 


4. Exergy can be destroyed during the 
process. 
its environment. environment. 


(b) Define: Prandtl Number and Euler Number 
Prandtl Number: The Prandtl Number is a dimensionless number approximating the ratio of 
momentum diffusivity (kinematic viscosity) to thermal diffusivity and can be expressed as 


Vv 
Pr= _ 
a 


1. Energy of a particular substance is the 
ability of that substance to do work. 


Where, 
Pr = Prandti's number; v = momentum diffusivity (m?/s) and oa = thermal diffusivity (m*/s) 
The Prandtl number can alternatively be expressed as 
Cc 

Pr= aed J 
Where, p = absolute or dynamic viscosity (kg/m-s, lb,,/(ft h)) 
Cp = specific heat (J/kg K, Btu/(lbm °F)) 
k = thermal conductivity (W/m K, Btu/(h ft” °F/ft)) 
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Euler Number: The Euler Number is a dimensionless value used for analyzing fluid flow 
dynamics problems where the pressure difference between two points is important. The Euler 
Number can be interpreted as a measure of the ratio of the pressure forces to the inertial 
forces. 

The Euler Number can be expressed as 


Where, 
Eu = Euler number, P = pressure (Pa), p = density (kg/m? ) and v= fluid flow velocity (m/s) 


The pressure difference is often used 


dP 
Eu=—3 
pV 


Where, dp = differential pressure (Pa) 


5. Draw the schematic diagram of a vapor compression refrigeration cycle. 
Answer: Same as Question No. 14, North West Power Generation Company Limited 
(NWPGCL)-2015 


6. Water flows at a uniform velocity of 3 m/s into a nozzle that reduces the diameter 
from 10 to 2 cm. Calculate the water’s velocity leaving the nozzle and the flow rate 
Q. Assume constant density and uniform velocity distributions. 


Solution: 
We get, A, V\=A2V> 
eee 
“Vo=4t xVi= tk x3=75m/s (Answer) 
2 Ag | 5x0.02? 


Q= : x 0.02? x 75 = 0.02356m3/s (Answer) - 


7. A heat pump absorbs 10 kW of heat from outside environment at 250K while 
absorbing 15 kW of work. It delivers the heat to a room that must be kept warm at 
300 K. What is the Coefficient of Performance (COP) of the heat pump? . 
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Solution: 


Here, 
Heat absorbed from outside (Q,) = 10 kW = 
Work performed (Win) = 15 kW Qu 
Total heat delivered (Qy) = 10+ 15 =25kW Win 
Coefficient of performance (CoP) = at Q,10 kw) 
in 
= = = 1.67 (Answer) 250 K 


8. A circular solid disc of uniform thickness 20 mm, radius 200 mm and mass 20 kg, is 
used as a flywheel. If it rotates at 600 rpm, find the kinetic energy of the flywheel. 
Solution: 


For solid disk of uniform thickness, I= sor” 


2 
--Kinetic energy, K. E = 2 lw? = + x +mr? x (x) =2x 0.5 x 20 x 0.2? x (72) 


= = 789, 56Joules (Answer) 
{For wheel loaded at rim, I=mr’, For solid disk of uniform thickness, I= .Smr* , For solid 
sphere, I=2/5 mr” , For spherical shell, I= 2/3 mr’ and for rectangular rod, 1=0.5mr’] 


“sReatort gen Cae Scie 
eran facacta PAS gI-Q0dd 
HOS AE ACEP (CPT) 
afar bo ERE SPST wo FRAT 
-frort WIA-00 
(Siero Gea fiw a4) 
>. “Casares srafecs arg Bre” ics BCE FRA | ¢ 
2. FSIS Fras 


ASS GST HC A ACEH MCA FPA Sal VT AT | IAI CRIG RANG AW 1 Ade after awleorier ~wlerr fra 
SUATAA COT VY Foe SAH AW ACR 1 AW CHCera WET QCA HfeTwora Fra afaaret Faloow arent qfeice7R 
CRIA AWS CV ASST | COCA PANS SCATPAN ST VCS, Wlala Aaa TOR lS, CICS GPT 
ferry rast CHT CRG ANS 1 ANS ANH WIS AHICAaA VNCNGE Balad HNSATR, Wiarat Heat fences 

PAT, HST PCT OMA AICS SUPA | WIRlAt Wah SATOTRA, Pe Osha Om Piao wy 

Sia Ava | 

©. Write a paragraph on "city life in Dhaka" @ 
8. CASTS AYA Peres ¢ 
PRATT GN FACS AT MR MCS GOT AHS BA GCS BLA | ME wees aT cash TTC 
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AWS PCH Tey esq Mey PACS ACAI | SATs Seog Ser AACA ANT | AS ANA WOW edt Moy Bawa 
FAS GAT KAS Deed | Se Hac (Ss sre’ SrA TAS seat Bio | 

C. TRANCH BUS CHIT CHT CHET TT AGIFT Par SAT? 

&. Fest LETSD Rods 4 ATS Arcsl SERS Sala APE HIM HUA CATTENITWS ? 
9. THA ATS PS ifacert WSs AACA ALANA TA ATS “AA PAY PEAT? 

br. THN “A fracas Bois HP 

d. PT MS GES SI ABP Va 

so. GMT @? 

dd, TRATCHON FAUST AGT ATPHSH OH ASTI HY CHIT? 

SR. HAA TRANS CBT HTT COT FATA AIRS? 

so. UNICEF a8 94% 2 

38, BTS FH Qodss-20 WE IRCA BS Tiss aces Gorylrey Sar Acacy? 


wreywvryvevwrwvruvruevvuvvy 


¢-frert WA-¢o 
(AIST CHU ACT GIG fSfacra Ges fry) 
CHAT 


>. testers (Thermodynamics) 4a safe 4a (Law) Sica? Fa (Law) ett freq? ¢ 
2. LACES (Intensive) 4x Bors (Extensive) camife (Property) +e fe Faz ? 

©. a (Boiler) f <a14 (Boiler) Wet (Mounting) 4k acsrifse (Accessories) FURS fs 
Fa? Grays fryer 2 

8. ItAIG (Carnot) WF (Cycle) c arefSar (Practically) 44 Sr (Non-viable) WAT ¢ 
(Cycle) it 3a cea fry? 

¢. ABS (Viscosity) fer rvmara Acal Aepora HAS frye @ 


RAR 


&. seta (Laminar) 6 bro (Turbulent) art aa wes aary menace Frys 2 ¢ 
4. A Oe cafenrcrra (Ton of refrigeration) ers fe gaa? vats wren fafenrrs (Refrigerant)  ¢ 
a8 Sey CAPBOTeT Fra | : 

v. COP (Co-efficient of Performence) f? cifgrencaba (Refrigerator) 8 f0 7 (Heat ¢ 


Pump) «8 aera ander free | 

>. Ze (Engine) ¢ taPicaa (Machine) aes ater fe 2 fecert se cco TT Sfecaa ardaperet fe fe? ¢ 
do. Hib, HAw (Cutting Fluid) aa sre fer afb: Gt (Cutting Tool) ¢ sie, |Rw (Cutting Fluid) ¢ 
A HTT CAAT feryey 2 


Bangladesh Fisheries Development Corporation (BFDC)-2017 


1) Draw a typical stress-strain diagram for mild streel showing yield strength, ultimate 
strength & breaking strength. 
Answer: Same as Queestion -1 Power Development Board (PDB)-2010 


2) What is coefficient of contraction, coefficient of velocity & coefficient of discharge. 


. : Actual velocity of jet at vena contracta (V) 
Co-efficient of Velocity (Cy) = ——_ a — —  @_ cum 
ty (Cy) Theoretical Velocity (,/2gh) 


= [0.95~0.99] 
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t j Area of jet at vena contracta,a 
Co-efficient of Contraction (C,) = ———————~————"* 


Area of orifice,a 
= [0.61~0.69] 


: : Actual discharge of an orifice, 
Co-efficient of discharge (Cq) = g 2 


Theoritical discharge of an orifice,Qiy 


= [0.61~0.65] 


3) write the difference of water tube & fire tube boiler. write some selection conditions 
for boiler. 

Answer: Question-03 West Zone Power Distribution Company Ltd. (WZPDCL)-2016 and 
question-1 Bangladesh Bank (Assistant Director-ME)-2019 

4) Draw a cantilever beam of 2m long. IKN force acting in the free end. 2KN force 
acting 1m from free end. Draw sher force and bending moment diagram. 

Answer: Question 20 Electricity Generation Company of Bangladesh(EGCB) 

5) Write the name of efficiencies of centrifugal pump. Draw a_ performance 
characteristics curves for a centrifugal pump. ; 

6) Write some name of commonly used refrigents. Write some difference of 
refrigerator and heat pump. . 

Answer: Question-1 Bangladesh Bank (Assistant Director-ME)-2019 

7) Draw TOP and Front view. 

Answer: Same as question Eastern Refinery Limited (ERL)-2017 

8) Maisa is building a pyramid with some cans. she give 1 can at first row. she add 6 
cans in every raw and build 16 rows. how many cans she need to build the pyramids. 

9) To produce a perticular radio model it costs a manufacturer $30 per radio.and it is 
assumed that if 500 radios are produced all of them will be sold. what must be the 
selling price per radio to ensure that the profit for 500 radios is greater than $8200?? 


10) Write an eassy ' Development of Bangladesh:Challenges and prospects" 
11) Write an eassy “*facet fe7rez” | 


Ashuganj Power Station Company Limited (APSCL) 
Post: AE (Mechanical) 
Time-10.00AM to 11.30 AM 
Date: 05.07.2019 Venue: BUET 
GK+Bangla+English= 60x0.5=30; Analytical = 15x1=15 
Departmental = 11X5=55 
Non-Departmental 
1. Aylan Kurdi’s-body was discovered at_. 
Answer: Mediterranean Sea 
2. Which is the third sea port of Bangladesh? 
Answer: Port of Payra 
3. What is the name of Russian currency? 
Answer: Ruble 
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4. Who is the United States Secretary of State? 

Answer: Mike Pompeo 

5. When Dhaka was declared as the capital first? 

Answer: 1610 

6. When the Father of the Nation Bangabandhu Sheikh Mujibur Rahman was returned to 
Bangladesh after Liberation War? 

Answer: January 10, 1972 

7, Which sector was under Naval commandos during 1971? 

Answer: Sector 10 

8. When was Lahore resolution passed? 

Answer: 1940 

9. Which party elected at 1954 election? 

Answer: United Front 

10. The only foreigner received the ‘Bir Protik’ award was born at- 

Answer: Netherlands 

11. What is the position of Bangladesh at UN peacekeeping Mission as a contributor of 
troops? Answer: Second 

12. Which city is between two continents? Answer: Istanbul 

13. How many Indian states share a border with Bangladesh? Answer: 5 

14. Headquarter of which organization is in Dhaka? Answer: BIMSTEC 

15. During partition of Bengal who was the viceroy of eastern Bengal? 

Answer: Lord Curzon 

16. National tree of Bangladesh? Answer: Mango 

17. What is E-8?- : 

18. Which security System was compromised during hacking of Bangladesh Bank?- SWIFT 
code 

19. The object is heavy for him to lift. (a) too (b) so 

20. Take revenge __ you. (a) on 

21. Absent __ the meeting (a) from 

22. Antonym of ‘Lend’. Answer: Borrow 

23. Antonym of ‘Transparent’. Answer: Opaque 

24. There is no alternative _ training. Answer: to 


25. Synonym of ‘Stringent’- Rigorous 

26. Increase in humidity in air results in what change in sound velocity?- Increases 

27. Amount of National Budget for 2019-20 of Bangladesh?- Tk. 5.23 Trillion (Tk5,23,190 _ 
crore) 

28. In the proposed budget, the GDP growth is projected at- 8.2% 
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29..What type of Power Plant is APSCL? — Thermal 

30. Where APSCL is planning to establish new power plant?- Patuakhali (1320 MW Super 
Thermal Power Plant Project) 

31. Present capacity of APSCL?- 1627 MW (Net output) [Installed Capacity 1876 MW ] 

32. Largest solar power plant of Bangladesh?- Teknaf's Hnila 

33. 50% of power comes from- (a) Coal (b) Gas (c) HFO 

34. 20% of power comes from- (a) Coal (b) Gas (c) HFO 

35. 3% of power comes from- Hydro 

36. Govt. and private sector power generation percentage- 55:45 (Answer not sure) 

Source for 33,34 & 35 

http://www.bpdb.gov.bd/bpdb_new/index.php/site/power_, generation_ unit 

09. BAT SP Wet RABTOr- EAS Sra? - “A aay 

Ob. MEM fee - WMT GICSA OATS | 

os. ToIeda AMP AeA we fee? - ERT 

80, “Sa Sy Si UIT Aten BAT SA’ CHIN AH? - ROTA 

8). Sig Sel ASP DTT IA STD SaaS Gort scahaca?- AST 

BR. ROUT STAsaACHS Safin a care fet? - Barer 14cwa nPiect Weyer TACT 

Analytical 

43. The age of A is 5 years less than B. Age of B is 3 times than that of C. If 4 years ago, age 
of C is 10 years, what will be the age of A after 6 years? 

Answer: 43years 

44. A woman walking with a boy meets another woman and on being asked about her 
relationship with the boy, she says, "My maternal uncle and his maternal uncle's maternal 
uncle are brothers." How is the boy related to the woman? 

(a) Nephew (b) Brother-in-law (c) Son (d) Grandson 

45. A & B can complete a work within 4 days, A alone can complete that work within 12 
days, B & C can complete that work within 6 days. Within how many days A & B & C 
complete that work jointly. 

Answer: [Data may be varied] 

46. Out of 20 questions, one wrong answer deduct 2 marks & one right answer add 5 marks, 
if someone scored 72, how many questions he answered rightly. © 
Answer: 16 . 

47. In a room there are some birds and cats. There are total 50 legs and 15 heads in that 
room. How many cats were there? Answer: 10 

48. 29"F ebruary 2016 Rahim celebrated his 15" birthday. In which year he was born. 

Answer: 2000 

49. Out of 20 questions, one wrong answer deduct 2 marks & one right answer add 5 marks, 
if someone scored 72, how many questions he answered rightly. 
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Answer: 16 (16x5 — 4x2) =72 

50. The difference of the square of two consecutive odd numbers is 96. What is the sum of 
these two numbers? Answer: 48. (257 = 937) 

51. A number 8567mn is divisible by 80, what is the lowest number for m+n? 

52. A workman starts his work on Monday works for 8 days and takes every 9" day as his 
holiday. His 12" holiday will fall on? Answer: Wednesday 

Departmental 

1. An ice machine working on vapor compression refrigeration cycle produces 10 
Kg/hr ice from 30°C to -5°C, specific heat of ice 2.1.Kg/Kg.K and water 4.2KJ/Kg.K. 
Latent heat 344 KJ/Kg. Find out refrigeration capacity. If compressor work is taken 


0.3KW then find, COP. 
mSyA8 ml mS;A@ 


Solution: Refrigeration Capacity = Fa a KJ /min 
_ 104, eS err 10X2.1x(0+5) 
60 60 60 
= 80.08 KJ/ min = 0.38 Ton (Answer) 
Refrigeration Capacity in KW 0.38X3.5 
COP = ee ee = 4.43 (Answer) 
Compressor Work 0.3 


2. Counter flow shell tube heat exchanger cools water from 60.2°C to 30.5°C by 
ethylene glycol at. 4°C. Specific heat of water is 4200 J/KgK and ethylene glycol 
3330J/Kg.K. Mass flow rate of ethylene 5.6Kg/s. Mass flow rate of water 6.1 Kg/s. 
find out LMTD. 

Solution: We get, myCph X (tha — tha) = McCpe X (tez — ter) 

or, 6.1 x 4200 x (60.2 — 30.5) = 5.6 x 3330 x (tg — 4) 


tea = 44.8°C 
fee mean temperature difference, 
LMTD, @m = ~~~ 
~ In(6,/8; ) 


_ (thi — ter) — (tha — tea) 
~ thi — ter 
zs (es Pa =) 
_ (60.2 — 44.8) — (30.5 — 4) 
~ 60.2.— 44.8 
In (“353-4 
= 20.45°C (Answer) 
3. In a power plant water tube boiler is used to produce steam at 1 ton/hr. Fuel burns 
50Kg/hr. Specific enthalpy of steam 2700KJ/Kg and specific enthalpy of water 
210KJ/Kg. Heating value of fuel is 85000KJ/KJ. What is the efficiency of boiler? 
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ms(h—hry) _ 1000(2700-210) 
mpxC  —«50X85000 
= 0.5858 =~ 58.58% (Answer) 
4. In air standard Brayton cycle air enters compressor at 0.5SMPa at 15°C and exit 
1.5MPa. Maximum temperature is 1000°C. Compressor efficiency 85%, y=1.4; C, = 


1.004KJ/Kg, sf = 0. NS Find out compressor work. - 


Solution: Boiler Efficiency = 


Solution: We get, = yy 7 


= T, =T, x Pay y "= 288 x G5"! 14 * = 394.2K 
“. Ideal ie workdone = C, x (Tz — Ty) = 1.004x(394.2 — 288) = = 106.62 KJ/Kg 
-. Actual Compressor workdone = 2086 6? = 125. 44KJ/Kg (Answer) 


5. Sketch and label the Energy Grade Line (EGL) and Hydraulic Grade Line ce 


Solution: 


Water Flow Direction 
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6. A submersible pump has a head of 40.5m, discharge of 25L/s. Rating for running of 
the pump is: 3@ AC supply, 22A, 400V, pf 0.95, Find efficiency of the submersible 
pump. 

Solution: Given that, H = 40.5m, Q = 25L/s = 0.025 m°?/s, = 22 A, Voltage, V= 400 V, 

pf = cos8 = 0.95 


Pump input power, P = ¥3VI cos o> = V3 x 400 x 22 x 0.95 = 14479.94W 


-. Efficiency, 7 = = 


_ 9.81 x 100 x 40.5 x 0.025 


14479.94 
= 68.59% (Answer) 


7. Two cables are tied together at C and are loaded as shown. Determine the tension 
(a) in cable AC, (b) in cable BC. 


Solution: 
According to Lami’s Theorem at point C, Free-Body Diagram 
660 Tac __ Tae 
sin75  sin150 —_ sin135 
Tac = 
341.64N (Answer) 
660 ; 
Tac = singe * Sin 135 = 


483.15N (Answer) 


8. Find out maximum allowable tensile load be for buckling for 30mm diameter 
column, effective length 1.5m. Young modulus E=105GPa. 


ans _ Ex2D*xn? 105x10?x—x(0.3)*xn2 
Solution: We get, ear ea ae a = 18313.08 N (Answer) 
e 


9. What force is Ca to punch a 20-mmediameter hole in a plate that is 25 mm — 
thick? The shear strength is 350 MN/m?. 
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20 mm a 


25 mm thick [y 


Solution: 
The resisting area is the shaded area along the perimeter and the shear force V is the equal to 
punching force P. 
V=TA 
P = 350 x (n(0.02) x (0.025)) 
.54978 MN 
= 549.8 kN 
10. A 60 mm diameter shaft running in a bearing carries a load of 2000 N. If the 
coefficient of friction between the shaft and bearing is 0.03, find the power 
transmitted when it runs at 1440 r.p.m. 
Solution: Given : d= 60 mm or r= 30 mm = 0.03 m; W = 2000 N 5s p = 0.03 ; N = 1440 
r.p.m. 
=> w= 27 X — = 150.8 rad/s 
We know that torque transmitted, — . 
P=T@=pxWx rx = 0.03 X2000x0.03 x 150.8= 271.44W (Answer) : 
11. Draw the Front and Right Side section view of the following figure. [similar image] 


i 


i] 
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Bangladesh Chemical Industries Corporation (BCIC) 
Post: AE (Mechanical) 
Time-10.00AM to 11.30 AM 
Date: 19.07.2019 Venue: BUET 
GK-+Banglat+English= 60<0.5=30; Analytical = 10x1=10 
Non-departmental 
1. Which country is the current champion of FIFA World Cup? 
(a) Croatia (b) Argentina (c) Brazil (d) France 
2. A chronometer measures: 
(a) Colour contrast (b) Sound waves (c) Time  (d) Water waves 
3. AIDS is related to- (a) Virus . | 
4, The headquarters of U.N. is located in- a) Rome b) Geneva c) New York d) Washington 
DC... 
5. Which European country first recognized Bangladesh as a sovereign state? 
a. Albania b. East Germany cc. Poland d. Romania 
ONAP FRU CSA CUARG HST BIZ! Foals Goa IAs corer fecay iS GATS PACA AT | 
6. Where the US defense headquarter is located?- Pentagon (Virginia) 
7. Which is true for dengue? (a) Urban (b) less plate (c) virus (c) all of these 
8. Who got Noble peace prize: (a) Yasser Arafat (b) Barack Obama (c) (d) all of them 
9. Which Bengali got the first Oscar? -Nafees Bin Zafar 
10. During liberation war Bangladesh was divided into _ sectors. — 11 
11. Which country owns Al] Jazeera?- Qatar 
12. The number of already named bones in the human skeleton is-. 206 
13. What is the average life expectancy in Bangladesh?- 72.4 or 73 
14. Where the only LNG Terminal of Bangladesh is located? - Moheshkhali 
15. Which one of the following gases is a greenhouse gas? 
(a) methane (b) NO? (c) carbon dioxide (d) all of the above. 
16. Which material is urban contamination of air? Lead 
17. When the constitution of republic of Bangladesh was accepted? 1972 
18. Mujibnagar situated at-- a) Chuadanga b) Nababganj c) Satkhira d) Meherpur 
19. The only Coral Island of Bangladesh is - St. Martin 
20. Commercial aircraft typically fly at an altitude of- 36,000 feet 
21. LPG consists of mainly: Butane and Propane 
22. Which is the largest district in Bangladesh?- Rangamati 
23. Karnafuli Paper Mills raw material is- Bamboo 
24. The number of international airports in Bangladesh is-- a) one b) two c) three d) four | 
25. Which material used for transistor? - Silicon 
26. Halley's comet appears once in a period of- 76 years 
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27. Who was the first Secretary-General of SAARC? - Abul Ahsan 
28. The Roman Magsaysay was in the name of former president in which country?- 
Philippines 
29, Enzymes are? (a) Proteins (b) Carbohydrates (c) Fats (d) None of the above 
30. Correct spelling: guarantee 
31. Correct spelling: decision 
32. Preposition: I will take revenge --- you. - on 
33. He stands (before) me. “before” used as? Preposition 
34. Noun form of Cook? Cook 
35. We need two hundred dollars _ this to pay for everything. a. as well b. also beside d. 
besides 
36. Best opposite word of Common: rare 
37. Same meanings of Amicable: friendly 
38. The word "lucrative" means-- a) profitable b) oil c) professional d) good 
39, GICA (AN BUA CAS GA, CFS GA OHfaTR SPA’. GHSlGa ABH 2 - BM facaarrn 
40. WoSs HIS FICHRH CHTAIG?- Wo+ Pay 
41, THC Mee OTA - PRT (GTA GICs AAT MCT HEM, FETT AT THUS ACHAT TEA BAA) 
42, DACA CHR GCA |- TACT HIT HG CTA BIAS? - xf ras 
43. CB WHHo FACT ALAGTH NSS: (a) AHA WIS WATT (b) ANCHNTA CNP GCC 
44. CBT WT: (a) FATA (b) FAT (c) FANS (d) SAHA 
45. CBS CAN =i: FEST 
46. CBG <ifo Avett Gy: (a) AT (b) PA (c)P (d) WAST 
47. AEN NCH Blew Aor ATS CH ?- OTA cotyat 
48. if fareta CNTR CHAE TO? ef PAT - aa OHARA CHIANG? 
(a) SWOT > YCGT (b) ABA > AASB (c) CMG > FOT (d) CaP > Fray 
49, BB Ca FAA OIAS 1H CHIANG? ATOTT 
Analytical 


50. If x+ - = 3 then what is the value of x? + = =? Answer: 7 


51. When f(x) = x and x #2, find the maximum value for the function. a. -1 b. 0c. 3 d. 
52, 2°0+2°°4+23°497=9 Answer: 2 

53. If log, == - - then the value of x=? Answer: 4 

54. In a class of 78 students 41 are taking French, 22 are taking German. Of the students 
taking French or German, 9 are taking both-courses. How many students are not enrolled in 
either course? 

(a) 6 (b)12 (c)24 (d) 18 

55. What is V5 percent of 5V5? Answer: 0.25 
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56. What is the relationship between ax+by = c and bx -ay = c if a,b,c are not zero? Answer: 

Perpendicular. 

57. Poly was P times older then ben 6 years ago. If Poly is now 17, then what is ben's age 

now in terms of P. Answer: 11/P+6 

58. If logs= 12, then log» (x/4) is equal to- 22 

PSTN HIS Pal WS VAI 

1. Water is flowing from a large reservoir of 40m head in a hydroelectric power plant 
through a turbine. If a horizontal thrust of 1KN is developed in fixed vane, find the 
power developed by turbine. The diameter of the exit pipe of the reservoir is 
150mm. 


Solution: 
We get, 
Horizontal thrust = pAV? = 1KN=1000N 
=V? = 7 _ = 56.58 
1000x—>xD? 
=V= 7.52 m/s 


According to.Bernoulli’s Equation, 


P, , V,? Pz , V2? 
ay ob 47 2 as 
ae Z4 at oe Zy + Hy 


2 
=> 0+0+Z,= 0+ -_ +0 + Hy 


__ (7.52)? 
= 40 = 2x9.81 + Hr 


=H, = 37.12 m 
-. Power = pgAVH7=1000x9.81x~ x 0.152 x 7.52 x 37.12 


= 48391.3W = 48.40KW (Answer) 

2. A pipe has inner and outer radius of r; & r, and a fluid is passing through it with 
heat transfer co-efficient h,, Surrounding air heat transfer co-efficient is h,, thermal 
conductivity and length of pipe is K and L, If area is A then draw the thermal 
resistance network and write down the equation of heat loss. 

Solution: 
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Ted 
Reotal=Reonv.a + Rey: + Reonv.2 Q= phate 2 5 
in@) Rtotal 
— 1 T2 1 


~ (nryLh, | 2nLk | (2nr2L)hy 


3. A centrifugal pump delivers 0.04 m/s of water to a height of 14m through a 15cm 
diameter pipe and 25m long. The overall efficiency of pump is 62.5%. Find the 
power required to drive the pump. Take friction factor co-efficient, f=0.045. 

Solution: 


We get, V==Va=V= = 045) 2.26 m/s No 
va2 
“Him = (hy oF Hq) + (hes at heq) i: a 
2 2 2 2 
my 4 7 4 Ma? oy 4.4, 9:045x25%(2.26)" | (2,26)? _ 1 a1 
2gd 2g 2x9.81x0.15 2x9.81 
ep CER Het 2 ZOLUND OSC Z1 0 ew (Answer) 


n 0.625 
4. A thin walled steel boiler has a mean radius of 40mm and its thickness is 2mm, 
assuming the internal pressure is 25MPa, find out the (i) longitudinal stress, (ii) 
hoop Stress and (iii) the maximum shear stress. 
Solution: Given, D = 80 mm; t = 2mm; P = 25MPa; o; =? 0, = ? 
Here, Longitudinal stress, o,= < 
— 25x80 


= 250MPa (Answer) 
4x2 
Tangential stress, 0,= = 
6, = = 500MPa (Answer) - 


__ 6-01 __ 500-250 
Maximum shear stress, Tmax = ——— = racer cae 


7 = 125MPa (Answer) 


5. Draw the schematic of combined cycle power plant. Also showing the flow direction 
of working fluid and mention the important components. 
Answer: 


Exhaust 


Pump \ 


Condenser 8 
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6. A shaft has carries bearing load of its one end fixed. The shaft is 1m long and the 
other end carries a dise of mass 1kg at a radius of gyration of 0.8 m. Torsional 
stiffness of the shaft is 10* Nm/radian. Determine the mass moment of inertia and 
natural frequency of the shaft. 

Solution: 

We know that mass moment of inertia of the shaft, 

I=m.k*=1 (0.8) = 0.64 kg-m? (Answer) 

Frequency of torsional vibrations, 


F,=+ f= ES eee =19.9 Hz (Answer) 
2n I 2 0.64 


7. Asteel casting cools to 95 percent of the original temperature difference in 40 min in 
still air. How much time it should require to cool this same casting to 95 percent of 
the original temperature difference in a moving air stream whose convective heat 
transfer coefficient is 5 times that of still air? 

Solution: Here, t,; = 40min; tz =? hz, = 5h, 

We get, Qi = Qa 

= h,AAT x 40min =h,AAT xt, 

= h,AAT x 40 min = 5h,A AT xt, 

“tz = 8 mins (Answer) 

8. Ultimate tensile stress=750 MPa, yield tensile stress= 670 MPa, endurance strength 
=200 MPa, mid-range stress= 110 MPa, alternating stress=190 MPa. Find shear 
yield stress by maximum distortion energy theory or maximum shear stress theory. 

Solution: Given that, o, = 750MPa; Oy = 670MPa; og = 200MPa; 

Om = 110MPa; o, = 190MPa; : 


Ont ge Say SAO et 
Oy, Se 750 200 
“. F.S = 0.912 (Factor of Safety less than 1 represents likely failure) 


According to maximum shear stress theory, 
cy_ — _67) _ = 367.4MPa (Answer) 


Ttymax ~ 2xRS  2x0.912 

9. What is isentropic efficiency? Show the equation of isentropic efficiency of a 
compressor in terms of enthalpy with necessary diagram. | 

Solution: Isentropic efficiency is a parameter to measure the degree of degradation of energy 

in steady-flow devices. It involves a comparison between the actual performance of a device 

and the performance that would be achieved under idealized circumstances for the same inlet 

and exit states. 


1 
We get, Fs = 
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__ Isentropic compressor work 
7 Actual compressor work 


lz 


Wa 
= hos cs hy 
hoa > hy 


10. a) A cantilever beam has a concentrated load P at end of the tip with deflection 6. 
Write the expression for relation between P and 5. Draw P-5 curve. 
b) A column clumped on both side has an axial load P. The column is not slender and 
the span deflection is 6. Draw the P- 5 curve showing buckling load. 
Solution: © 
PL} ae 
(a) b= 3 oe 


P 


5 


N.B. This solution has no referral documents. 
11. a) In a same tensile stress-strain diagram show the graph for (i) CI material and (ii) 


MS material 
b) Plot the fatigue strength (S) versus number of stress cycle (N) curve of a machine 


element made of steel. 
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Answer: 
Mild steel 


=~ Low Cycle» ~~ High Cycle <> 
ee mee: Te | infinite 
i a Life — 


Cast won 


wa 
Oa 
= 
a i 
7 
ae 
2:05 
Fe 
Strain E 
< zB 
2 
3 
2 
zn “ 


10° 10° 10*10° 10° 10’ 10° 
Number of Stress Cycle, N 


10° 103 


12. Draw Top and Front Section view. The cutting plane will pass through the center of 
the cylinder, including holes. [Similar] 


TOP VIEW 


FRONT VIEW 
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Power Grid Company of Bangladesh Limited(PGCB) 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 11.30AM 
Date:19.07.2019 
Exam Hall: ME Building, BUET 
[Marks Distribution: Departmental- 40 Non Departmental-60] 


Non-departmental 


1. A bag contains 2 Red, 3 Green and 2 blue balls. Two balls are drawn randomly from 
the bag. What is the probability that none of them is blue? Answer: °C /’C)= ~ 


2. A and B can do a work with 30 days. A do the work together 20 days and then rest 
of the work done by B in 20 days. What time will take for B to complete the work alone. 
(A+B)’s 3 days work = (=20) = 2/3 

Remaining work= 1— “ =1/3 

1/3 portion of work done by B alone in 20 days 

So, whole work done by B alone in 60 days 

3. 2? +1 divisible by which number? 

Let 2°? = x. Then, (2° + 1) =(x + 1). 

Let (x + 1) be completely divisible by the natural number N. Then, 

(2° +1)= (my +1]= (x3 + 1l=(@+1) (x? - x + 1), which is completely divisible by N, 
since (x + 1) is divisible by N. 

Answer: (2”° + 1). 

4. When length of a rectangle is halved and width tripled. What will be the change of 
rectangle area? Answer: 50% increase. 

5. 66 cubie centimeter cube drawn into wire of lcm diameter. What will be the length of 
the wire? 

{D’L= a’ = 66 or, L=84.03cm 

6. A, B, C & D have been divided some amount of money in following ratio 5:2:4:3. If C 
received 1000 more than D, then what amount did B receive? Answer: 2000 

7. The least number when divided by 5, 6, 7 and 8 leaves reminder 3 but when divided 
by 9 no reminder. Answer: 1683 

8. To fill a tank 25 buckets of water is required. How many buckets of water required to 
fill same tank if the capacity of bucket is reduced to 2/5" of its present. Answer 62.5 

9. Father is 26 years older than his son is. Two years after father age two times of son 
age. Present age of son is_. Answer: 24yrs 

10. Two trains travelling at equal speed, each having length of 120m, coming from 
opposite direction, crossed each other within 12s. What speed they are travelling at? 
Answer: 36km/h 

11. One boy gets 9 marks more than another and his marks 56% of the sum of their 
marks, What are his marks? Answer: 42 — ; 
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12. log5+log (5x+1) =log(x+5)+1 ; 10 base log... x? Answer: 3 
13. Find wrong number in series. 8, 18, 57, 232..... Answer: 228 [{(7x1)+1}, {(8x2)+2}, 
{(18x3)+3}, {(57x4)+4}] 
14. TANT J AAT CBI SS ACT HS faa 4 Be] VA? GSA-4 march, 1972 
15. Which European country recognized Bangladesh first? Ans- East Germany. 
16. What PGCB does besides power distribution? Ans- Optical fiber leased to local 
telecommunication company. 
17. CBS MICA MICA GT UTP. (SPST 
18. PGCB 's highest transmission voltage? 
19. BICHA BIG wre fes- ATGHATHAS TAIT 
20. ANIA GCS fe HCA?- HOSA BCA 
21. Who is the designer of national flag of Bangladesh? Kamrul Hasan 
22. Father of science fiction- H.G. Wells. 
23. Greenland belongs to which country-Denmark 
24.Capital of Vietnam — Hanoi. 
25. What is the total number of districts in Dhaka division? —recent 8 
26. What is single-phase voltage in Bangladesh— 0.230KV 
27. Higher value of pressure of blood is called — systolic pressure 
28. Greenhouse gases- carbon dioxide; methane, nitrous oxide etc. 
29. Glimpses of world history- by Jawaharlal Nehru (collection of 196 letters on world 
history) 
30. TW CTA GAHAN - OAL 
31. Prime colors- RGB i.e. Red, Green, Blue 
32. NATO Headquarter- Brussels, Belgium 
33. Bangladesh imports - LNG 
34. Which one higher calorific value- Gas 
35. Which Bangladeshi river originates from Tibet? —Brahmaputra ‘ 
36. aRAta fo? TOS (TIM SATPETSHTR) 
37. Constitution of Bangladesh effective from- 16 December, 1972 
38. CBT NACTS AA BAA OH CS SlACw faer?- AAA ARIA 
39. Largest Delta of the world.in which Bangladeshi river? Ganga 
40. The least effect on transmission tower is __ 
41. DNA fragmentation done by which process? Electrophoresis 
42. By which material PGCB transmission lines made? Aluminum 
43. What is the demand percentage with total generation? 
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Departmental 
1. Draw Schematic diagram of combined cycle power plant and amount of power 
produced from steam turbine unit in such scenario. 


Combustion Chamber 


Maximum efficiency of a GT-ST combined cycle is around 62%. A combined-cycle power 

plant uses both a gas and a steam turbine together which produces up to 50 percent more 

power from the same fuel than a traditional simple gas turbine plant. 

9. Draw schematic of vapor absorption refrigeration system. Mention the advantages 
of it. 

‘Answer: Advantages of vapour absorption refrigeration system: 

a) There is no moving parts except pump-motor which is a small element of the system. 

b) Smooth running, low maintenance cost. 

c) COP is higher. : 

d) Use low-grade energy like heat. 

e) Automatic operation for controlling the capacity is easy. 


Receiver 


a“ Expansion 


valve 


3. Draw the schematic diagram of heat pump. If it is accomplished by 1 TOR air 
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conditioner which runs at 1 KW power, then what is the COP & how much heat was 
supplied? 
Solution: 


We=Q2-Q1 


Heat extract from source is, Qi= 1TOR= 3.5K W 
(COP)p= Refrigeration effect/input power = 3.5/1 = 3.5 
(COP)p= 3.5 + 1= 4.5 & Heat supplied Qo= 4.5K W (Answer) 
4. In a counter flow heat exchanger water is cooled from 22°C to 6°C using brine which 
enters at -2°C and leaves at 3°C. If overall heat transfer co-efficient is 500 W/m’°C and 
heat transfer rate is 10K W then calculate the heat transfer surface area. 
Solution: : 
Here, AT, = 22-3 =19; 


t 
AT, =6+2=8; ia 
4T,—-AT 19-8 
». LMTD= —4- = ATi \ 
ngs) — Inc) 3c |, Nea, 
=12.7°C NaSe ed 6°e 
Q = UA(LMTD) | ed ac AT? 
Q __ 10x1000 apne ere eee 


2 
“ U(LMTD) —500x12.7 =1.574 m’ (Answer) 
5. 6'' pump operating at 1770 rpm and flow rate of 1500 gpm has a head of 80 ft with 
80% efficiency. If another homologous 8" pump of 1170 rpm is used for replacement of 
this pump then find capacity, head and flow rate of replacement pump. 

Solution: D,= 6 in; Q;= 1500gpm; N;=1770rpm; H)= 80 ft; n1:=80% 

D = 8 in; No= 1170rpm; Q.=? H2=? 


a es clon H H2 H D2N2\2 D2N2\" 
From the similarities, Wns, & or, = (72) so, H>=H,( 2 2) =62.14 ft. 
Qa _ ® — D23N2 Q _ ; 
Now BON, DitNs or, Qo DN, Q\= 2350.2 gpm 


Pump capacity means maximum flow rate (gpm) at designed conditions (efficiency, head). 
At 80% efficiency and 62.14ft head, pump capacity is 2350.2gpm. 
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6. A 1cm diameter shaft with gauge length of 25 cm is used for tensile test. If tensile load 
25. KN causes the deformation of 0.0227 cm then find out modules of elasticity. 


Solution: P=25KN, L=25cm, D=lcm, A= =x 0.017 = 7.85x10°° m’, E=? 


5=— or, B= == = 3.5056x10'! Pa= 350.56GPa (Answer) 
7A solid steel shaft 5 m long is stressed at 80 MPa and twisted through 4°. Wane G= 
83 GPa, compute the shaft diameter. What power can be transmitted by the shaft at 20 
Hz? 
3 
Solution: t = =2 or, T = “24 =15,7x10° D? Nm 
m™D3 16 , 
Now, @ = 2 or, 4 = SZAODS  D=.1379m=13.79em 
GJ 180 83x109xD4 
P=Tx2 mf= 15.7x10° x (0.1379)? 2 1 x 20 = 5173.7K W (Answer) 
8. A 80kg mass is supported at the tip of long AB rigid bar shown in figure. Find the 


reactions at point A. 
Solution: 


Rax 


Rax=0 and +7 }) Fy = 0 or, Ray —mg=0 so, Reaction at A, Ray° =80X9.81=784.8N 
& Ma=784.8 X 1.6 =1255.68 Nm (Answer) 

9. Friction related math. 

Solution: Fundamentals of Mechanical Engineering by Emran Hossain - Engineering 
mechanics-problem no 15 
10. Draw top and front view. 


Front 


Isometric View 


4 
+ 


Top View - Front View 
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North West Power Generation Company Limited(NWPGCL) 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 11.30AM 
Date:25.10.2019 

Exam Hall: ECE Building, BUET 
[Marks Distribution: Departmental-40 Non Departmental-60 ] 


- Non Departmental 


1. Ina flight of 600 km, an aircraft was slowed down due to bad weather. Its average 
speed for the trip was reduced by 200 km/hr and the time of flight increased by 30 
minutes. The duration of the flight is _. 


Solution: Let the duration of the flight be x hours. 
600 600 


Then Baers as 200 By solving we get, x=1hr (Answer) 
2 
2. A number when divided by 6, remainder 3. If its square value is divided by 6, how 
much will be the remainder. 
Solution: Let the number is x , so x = 6q + 3. 
[we know, dividend= divisor* quotient + remainder] 
Then, x? = (6q + 3 
= 36q° + 36q +9 
= 6(6q° + 6q+1)+3 
Thus, when x’ is divided by 6, then remainder = 3. 
3. Each Train has a length of 120m travelling in opposite direction. They pass each 
other after 12 seconds. If both the trains have same velocity then find the velocity. 
Solution: Let the speed of each train be x m/sec. 
Then, relative speed of the two trains = 2x m/sec. 
So, 2x = (120+120)/12 
24x=240 
X=10m/sec=36km/hr 
4. 3 years ago the average of Father, son & mother was 27 ; 5 years ago average of 
mother& son age 20 years, now how much is the father's age? 
Solution: : Let , present age of father, mother and son are x,y and z respectively. 
For 3 three years ago, {(x-3)+(y-3)+(z-3)}/3=27 or, x+y+z=90 
For 5 years ago, { (y-5)+(z-5)}/2 =20 or, y+z=50 
By solving above equations we get, x=40 year (Answer) 
5. A.10 m long ladder makes an angle 60° with the horizontal ground. What is the 
length from top of the ladder to the bottom of the wall along the wall? 
Solution: Height = 10sin60 =5V3 
6. A and B are two numbers such that the sum of 5% of A and 4% of B is two third to 
the sum of 6%of A and 8% of B. Then find the ratio of A& B 
Solution: 5%A+4%B=(2/3)(6%A+8%B) or, A/B= 4/3 
7. (x+3)'=225; which of the following could be the value of x-1 
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Solution: (x+3)’=225 or, x+3=15& —15. so x=12 or-18 . Ans:-19 

8. Square root (x) is integer and xy*2=36. Then how many values are possible for the 
integer y? 

Solution: possible root over (x) values are (1,2,3,4,-1,-2,-3,-4). So number of y values is 8. 
9. Ina class 75% of boys and 48% of girls take math. No of boys is less than 20% of 
girls. Total % of students take math. 

Solution: possible solution....let number of boys and girls is x & y respectively. 

Then x=y—0.2y=.8y and total number of students x+y=0.8y+y=1.8y....percentage of 
students taking math = (0.75x+0.48y)/(xty) By putting the of x=0.8y and xt+ty=1.8y we get 
0.6 i.e. 60%. © : 

10. Length and breadth of a rectangular sheet are 30 and 18 respectively. If a person 
wants to cut it to form several square sheets then how many sheets can he prepare 
without losing any part of the sheet? 

11. Sajal is 12 years older than Ratan. After 6 years his age will be twice as that of 
Ratan. How old is Ratan now? 

Solution: let the age of sajal and rattan is x & y respectively. Then x=y+12 and x+6=2(y+6) 
By solving these equations we get x=18, y=6 

12. Perimeter of a rectangular patio is 268 feet and length=168°%owidth, what is area of 
rectangular patio. 

Solution: let the length is x and width is y. then 2(x+y) =268 and x=168%y=1.68y By 
solving these equations we get x=84 y=50 ; area=4200 square feet. 

13. 12 person can pack 60 boxes in 9 minutes at a constant rate. How much minutes do 
27 person take for packing 180 boxes. 

Solution: 12 person can pack 60/9 (boxes/min) 

So,27 person can pack (60X27)/(12 9) boxes/min=15 boxes/min .- 

packing 15 boxes in Imin 

packing 180 boxes in (180/15)=12 min. 

14. 4 persons contribute some money to run a charity. The average contribution of each 
is 20tk, if each of them can contribute maximum 25tk then what is the minimum 
amount one can contribute? 

Solution: Total amount of contribution=4x20=80tk. If three of them contribute 25tk then 
total=75tk...so one can contribute minimum=80-75=5tk. 

15. Area of an circle is Api. If radius is doubled then what will be the area of the circle. 
Solution: let original area is a and after doubled radius area is A. So a=4pi= mr? and A= 1X 
2r 

A/a= 4 1.e. A=4a. 

16. logig 5+ logig (Sx+1)= logi (x+5) + 1 then x=3 (Answer) 

17. A bag contains 2 red, 3 green and 2 blue balls. Two balls are drawn at random. 
What is the probability that none of the balls drawn is blue? 

Solution: °C>/’C2 =10/21 

18.For household bulbs and fan supply voltage —. Answer: 0.23kv 

19. Bangladesh imports around 600MW from India. 20. Maximum electricity generation is 
12GW. 
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21. Generation capacity of NWPGCL is 1410MW. 

22. Currently which coal base thermal plant is now in operation —-250MW (Barapukuria 
thermal power plant, Dinajpur.) 

23. 1320 MW Payra Thermal Power plant is under BCPCL (joint venture of Chinese CMC 
and NWPGCL) : . 
24. The only nuclear power plant will be situated at Rooppur. 

25. Per capita energy consumption in Bangladesh i is 310OMW (according to 2014 report)...In 
the option maximum 310 or 350kwh was given. 

26. Percentage of power is now generating under public sector-50%(private 44% & import 
6%.Source BPBD present generation report) 

27. which one is used for more than 50% power generation -natural gas 

28. BINSA CBA ANT ASIA iA? GATS AMGPTSIA SA 

29. ALAS AHA ATH BMGT 

30. fama ROSA — 45 SAT ASP. PAA 

See Sanne eee CHALG DIAS VA-AS, APY, MT, ATT |S AAT CHIT FReT 
WET ATR) 

32.Hfaa Aaa Baer fep2- Gooracra Ale 
33. They asked to call in a doctor. Call in (OM ATSIC) 

34. Ten to one means very probably/very likely. 

35. The masculine of bee is drone. 

36. Which one is the relative pronoun- examples: 
who/whom/which/that/whose/where/when/why. 

37. The age limit for being president in Bangladesh is 35. 

38. River Padma enters in Bangladesh through Chapainawabganj. 

39. Which Bengali person achieved noble prize in economic science prize in 2019-Avijit 
Banarjee. 

40. Light year is used for measuring — distance 

41. In which year China recognised Bangldesh -1975 

42. Who is the architect of Shahid Minar- Hamidur Rahman 

43. Taj mahal is situated in- Agra 

44. Bangladesh is a member of WTO/ASEAN/OPEC/(Bangladesh is a member of both WTO 
and ASEAN but not OPEC. May be question will be like this-Bangladesh is not member 
of.....) 

45. In terms of land area which one is the largest district of Bangladesh -Rangamati 

46. Robi crops are.... monsoon season crops. 

47. From Which mugal emperor's rule Bengali new year was started to celebrate -Akbar 
48. Which one is fossil fuel--mineral oil 

49. Which acid is used in ordinary electric cell_ . Sulfuric Acid 

50. Which one is used for nuclear energy and weapon. - Uranium 

51. 10 bulbs each of 110W-220volt are lightening. How much energy do they consumed in 
10 hours?- 1 1kwh. 


@ 
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Departmental 
1. HSD=High Speed Diesel, LPG=Liquefied Petroleum Gas, BTU=British Thermal Unit, 
HFO=Heavy Fuel Oil, CNG=Compressed Natural Gas 
2. NWPGCL has planned 250 MW combined cycle power plant at Sirajganj, draw its 
plant schematic diagram. 


Combustion 
chamber 


Feed water pump 


3. Draw schematic diagram of 1320MW Payra thermal power plant. 


' 
‘GD{Flue gas 
desulfurization Precipitator Air pre-heater a Forced draught fan 


Induced draught fan 1 
Economiser 

Coal Coal handling . | 

sd plant Boiler Super heater Alternator 
storage a 
Ash Ash handling Flue gases : 

unit 
storage Feed water (> ) 
pump 
: 
i 
Water treatment See 


tower 
chamber Rea 
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4. A Hydroelectric power plant works under head of 50m and discharge 1.5 m/sec. 


Turbine generator combined cpcmanand is 75%. What will be the output of the plant? 


P —_—- 
Solution: Efficiency, 0.75 = Son = SnOTeET SEO OO: P= 551.81KW 


5. Air enters at 100 m/s speed & 200°C, exists at 200 m/s neon if C,= 1.005 KJ/Kg-K, 
then what will be the exit temperature? 
Solution: Enthalpy is converted to kinetic energy. So me,(T1—Ts)= <m(V2" VF) 
or, T}—T2 = aot?” —V{’) or, T= (273+200) — (2007—100°)/ (21.005 1000) 
= 458.07k = 185.07°C (Answer) 
6. Determine the number of bolts required having a diameter of 20mm place around a 


’ bolt circle of diameter 400mm _ that can transmit a torque of 20KNm and allowable 
shearing stress in the bolt is 40MPa.(flanged bolt coupling) 


Solution: The torque is transmitted by the shearing force P (P=tA= “d°t) created in the bolts 
that is assumed to be uniformly distributed. For any number of bolts n, the torque capacity is, 
T= PRn =<" tRn 

or, 20%1000- =(.02)’ x 40x10° x 0.2n 

“n= 7.9 so number of bolts 8. (Answer) 

7. In summer highest average temperature is 43°C where as in winter it is 3°C. How 


much clearance should maintain when rails are laid. Length of the rail is, L= 10 m, If 
o= 0.1 pm/m-°C and E= 20 GPa. 


| 


Gap between two rails is maintained to allow for thermal expansion and contraction during 
hot and cold season. 

Clearance/gap=thermal expansion, 5= aLAT= (0.1x10° x 10 x 40) = 4x10° = 0.04mm 
8. A rope has 1.5 times winding on a horizontal bar, at its one end a bar of 300N is 
placed, if coefficient of friction between rope & bar is 0.3 then what will be the range of 
P will. be maintained at other end of rope? 
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Solution: Angle of contact, B = 1.5 turns = 31 radian 

For impending motion of W up, P=wel’ =300xe °3"3* _=5070.6N 

For impending motion of W down, P=we “°=300x e~°?9* =17.74N 

For equilibrium, 5070.6N < P < 17.74N (Answer) 

9. Give a name to each of gear arrangement of below figure. 

These are not exact figure. But name of gear arrangement is correct according to the figure 


“which were given in the exam. 


A)Simple gear train 


b) Compound gear train 


c) Reverted gear train 


d) Epicyclic /planetary gear train 


wes 


10. Drawing [See BCIC question no. 12] 
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Dhaka Power Distribution Company Limited (DPDC) 
Post: AE (Mechanical) 
Time-10.00AM to 11.30 AM 
Date: 30.08.2019 Venue: BUET 
GK+Bangla+English= 50x0.5=25; Analytical = 15x1=15 
Departmental = 12x5=60 


1. Find the power transmitted by a belt running over a pulley of 600mm diameter at 
200rpm. The coefficient of friction between the belt and the pulley is 0.25, angle of 


lap = and maximum tension in the belt is 2500N. 
Solution: Given, d= 600mm=0.6m; N=200rpm; p= 0.25; 6= = =2.793 rad; T, = 2500N 


We get, V= TES = rent0 — 6,284 m/s 
60 60 


Here, 2.3log (2) = 10 = 0.25 x 2.793 
2 
Tay is 
= log ( =) 0.3036 
Ti 
= T = 2.01 
=T, = 1244N 


.. Power transmitted by the belt, P = (T,-T,)V= (2500-1244) x 6.284 

. = 7890W = 7.89K W (Answer) 
2. A 500-g collar can slide without friction on the curved rod BC in a horizontal plane. 
- Knowing that the undeformed length of the spring is 80mm and that k=400 kN/m, 


determine the velocity that the collar should be given at A to reach B with zero 
velocity. 


Solution: According to energy conversion, 
(K.E.+P.E.), = (K.E.+P.E.)p 


=> > mVq7 +5 K (Axa)? == mV,' +5 K (Axa)? 
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=> x 0.5 x Va? +5 400 x 1000 x (0.15 — 0.08)? = = m x 0? += x 400 x 1000 x 

(0.2 — 0.08)? 

=> 0.25V,7+980=2880 

=> V, = 87.2m/s (Answer) 

3. Slider block A moves to the left with a constant velocity of 6 m/s. Determine (a) the 
velocity of block B, (b) the relative velocity of portion C of the cable with respect to 
portion D. 


i) 


| 
to} 
i! 
H 
x 


TF Speen serena “i 
ria: 


Solution: 
From the diagram we have, 
Xa + 3yg = constant 
Then, Va + 3Vp =O ices wk eae aes (i) 
And aq t+ 3ag SO ci ass-asacnies (ii) 
(a) From equation (i), 6 + 3Vg= 0 
or, Vg = 2 m/s T (Answer) 
(b) yg + Yp = constant 
> VB + Vp =0 
“Vp = 2m/s | 
Again, Xa + Yc = constant 
Then, Vq + Ve =0 
ae Vp =-6 m/s cD 
Now, Vcjp = —6—- 2 = —8 m/s | 
“ Voyp = 8m/s T (Answer) 


4. A rectangular piece of wood, 50 mm by 100 mm in cross section, is used as a 
compression block shown in Fig. below. Determine the axial force P that can be 
applied to the block if the shearing stress parallel to the grain is limited to 5MN/m’. - 
The grain makes an angle of 20° with the horizontal, as shown. 
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Solution: We get, 

Shear Force: V = P sin20° 

Shear area: Ay = Ay = 50 x 100 sec 20° = 5320.89 mm? 

Here, V=t AV 

= P sin20° = 5320.89 

=> P =77.79 KN (Answer) 

_ 5. A valve connects two tanks containing carbon monoxide. One tank contains 2 kg of 
CO gas at 77°C and 0.7 bar. The other tank holds 8 kg of CO gas at 27°C and 1.2 
bar. The valve is opened and the gases are allowed to mix while receiving energy by 
heat transfer from the surroundings. The final equilibrium temperature is 42 °C. 
Using the ideal gas model determine the final equilibrium pressure, in bar. [similar] 


Solution: 
Then the final equilibrium pressure becomes 
_ (matmp)RT¢ — (matmp)RT¢ __ 10x315 
P= VatVp. MARTA, MpRTR — 2%350_x300 — 1.05bar (Answer) 


Pa Pg 0.7 1.2 
6. A 50-mm-diameter electrical wire is connected with two poles. Determine the drag 
force exerted on a 30-m-long section of the wire during a windy day when the drag 
coefficient is 0.45 and the wind is blowing across the wire at 20 km/h. Air density is 
1.2Kg/m’*. 
Solution: Given, D=50mm=0.05m; L= 30m; Cp = 0.45; 


V= 20Km/hr= 5.56m/s; p= 1.2K g/m’. -. Fontal area, A= LD= 30x0.05=1.5m? 
We get, Fy = CoA = 0.45x1.5x4555— 19 59N (Answer) 


7. Discharge of a pump is 20 ltr/s, head 40 m and efficiency 55%. Pump operates 30 
min/day. Find electrical energy consumption by the pump in kw-h for 30 days. 
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Solution: Here, Q =20 Ltr/s = 20x 1073 m3/s H= 40m, n = 0.55 
We know, Power, P = 20H = 2eptooonsene se = 14263.09 W 
= 14.27KW 
Electrical energy consumption per day = 14.27 KWx = 7.135 KW — hr 


.. Electrical energy consumption per month (30days) 
= 7.135x30=214.04 KW — hr (Answer) 
8. T-S diagram of a Rankine cycle corresponding to the pressure and temperature is 
shown below. Determine the (i) thermal efficiency and (ii) Back Work Ratio. 


3 


13=420°C 
ha= 3120 KJ/Kg 


Solution: We get, 


Thermal Efficiency,n = = Back Work Ratio, BWR = we 
_(hg—hy)=(hg-hy) __ (3120- 2150)-(195-190) = 195-19_ _ 9.905 (Ans.) 

h3—hg a 3120-195 3120-2150 ’ 
=~ = 0.3293 = 32.93% (Ans. ) 


9. A room wall 400 mm thick is made of a material having thermal conductivity of 1 
W/mK. The inner and outer surfaces are exposed to average temperatures of 20°C 
and 0°C respectively. If the inner and outer air film coefficient is 0.5 W/m’, find the 
heat flux. 

Solution: Given, x =400 mm= 0.4m; k= 1 W/mK, T,=20°C; Tp=0°C; 

ha= hp= 0.5 W/mK; 


We know that heat flux, 
Q_ _(,—Ts) 
A 1.x,.1 
ha kT ha 
ae 0) 


aareee 


qs 


= 4.44W/m nae 
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10. Performance curve for pump 1 and pump 2 are shown. Draw the performance curve 
when two pumps in series. 


400 + ~~ 
SS ee 
300 = 
i ‘ 
250 $e aaa i 
t t 
So 
9 20D been ocnasa trates cine sascnh aPectanis Hee soem ty Git: saditites Z i 
& Pump t | 
(Coes { 
150 5 oom ee . ‘ i 
i i 
100 = Pump 2 > 4 
; 
ao ee > 
i i 
0 H 
0 200 400 600 800 1000 = 1200 1400 1600 
Qtapm) 
Answer: 
400 } 
350 an 4 
Pump in series | 
300 + ‘ i * aa 
250. 
€ 
s Pump t 
180 Sas ; fs -4 
100 a a... Pump 2 ™, . 
sg ' 
50 - { 
Gg 


t) 200 400 600 800 1000 «120014001600 
Q (epm) 


11. SFD & BMD 
12. Draw TOP VIEW, LHS VIEW & RHS VIEW. 
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Bangladesh-India Friendship Power Company(Pvt.)Limited(BIFPCL) 
Post: Assistant Manager(Mechanical) 
Time-10.00AM to 11.30AM 
Date:15.11.2019 
Exam Hall: ECE Building, BUET 
[Marks Distribution: Departmental-50 Non Departmental-50 ] 
Non departmental 
1. How many prime numbers from 1 to 20? Ans-8 
2. The sum of 20, 50 and x is 100. If 50 is average of 20,50,x and y. Then what is the value - 
of y? Answer-100 
3. A can complete a work within 20 days and B can do the same work within 30 days. How 
much time needed to complete the work when they are working together? Ans-12days 
4.F2, ,D8, C16, B32...? Ans-E4 
5. If sum of the three consecutives numbers is 240. Then what is the sum of the largest two? 
Ans-161 
6. When three coins are tossed. Then what is probability of getting head at least one time. 
Ans-7/8 
7. In a class 68% student passed. If passing student is 14 less then passing student would be 
45%. How many students are in that class? (kind of this type) 
8. h=80cm hg then P=? Ans-1.07bar 
9. Inlet pressure of a series of three compressor is 150Pa. Compression ratio is 2. What is the 
outlet pressure? Ans-1200Pa 
10. Proper and safe functioning for boiler is used- pressure guage/ water level 
indicator/safety valve/all of above. Ans-all of above 
11. Burj khalifa__. Ans: highest bulding /structure in dubai 
12. Headquarters of Asian Development Bank is _. Ans-capital of philipine’s manila 
13. Translate into Bengali- 
a. Cut your coat according to your cloth (GIN Fal AA Pa)- (sam <5) 
b. A bad workman quarrels with his tools (ATCO AI Grace GTA ABPT)- (AIM ABT) 
c. As soon as I heard the news I went to see him (2@afo GAT Wz GY OS HATS we Ce: 
d. can’t remember 
14. Translate into english- 
a. TTC Selb BIA AI-Bangladesh is a wonderful land. 
b. CA PAA AA Ors A791 HTA- Everyone praise a man who is intelligent. 
c. OT fe UIASH BITS HA FeiCS AACA? Can you talk more slowly? 
d. ATS cia Urfoa yer brfersr “1fS- Engineers’ are the driving force of a nation. 
16. Marie Curie reading comprehension 
(https:/Awww.testprepreview.com/modules/reading1}.htm) 
a) The Curies’ collaboration helped to unlock the secrets of the atom. 
o Friendly 
oO competitive 
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© courteous 
© industrious 
o chemistry 
b) Marie had a bright mind and a personality. 
o strong 
o lighthearted 
o humorous 
o strange 
© envious 
c) Even though she became fatally ill from working with radium, Marie Curie was 
never ‘ 
o troubled 
© worried 
o disappointed 
o sorrowful 
o disturbed 
d) can’t remember. 
15. Write a paragraph on “Impact of electricity on social life” 
16. Bulbul originated from__. Ans- indian ocean. 
17. Reptile is to lizard then flower is to___? Ans-daisy 
18. True stress is... ans- greater than engineering stress. 
19, Which of the following does not match with others. Core/seed/pulp/slice. Ans-slice 
20. In stress strain curve the slope of the proportional limit represents _ ans-the modulus of 
elasticity. 
21. Which one gear is used nonparallel & non intersecting shaft. Ans- spiral gears. 
22. Cross section of rectangular is 4x2, find hydraulic diameter. Ans-2.67 
23. Proportion of populations of seven village in 1997 


Village % population below Village % population below 
poverty line poverty line 
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a) If the population of village R in 1997 is 32000, then what will be the population of village 
of Y below poverty line in that year? Ans-15600 
b) The ratio of population of village T below poverty line to that of village Z below proverty 
line in 1997 is_. Ans-23:11 
c) Find the population of village S if the population of village X below poverty line in 1997 
is 12160. Ans-22000 

Departmental 
1. Name the mechanical components given below. 


(a) Holding device-bench vice 


(b) Rack and pinion gear set 


(c) worm gear 


(d) Flange 


(e) Camshaft 


2. A powerplant consumes 20,000 litre/h fuel and calorific value of the fuel is 44,000 
kj/L. What is thermal efficiency of the plant? 
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P 100x107KW 
Thermal efficiency, N= s>555ra4 0900/3600 Fits Gao 
= 0.409=40.9% 1 
(Hep ee 100MW 
4 


3. Draw schematic diagram of reheat Rankine cycle with T-S diagram. 


. Rebeating 
High-pressure ae of 
erbine 4 i 


Boiler 


Pe i Law presser: 
VY ; turing 
{ 


4. An oil (sp. Gravity .88) flowing through a pipe (shown in figure) at the rate of 53.8 
L/s and outer dia is 168.3mm and thickness is 7.1mm. Friction factor is .025. Determine 
the pressure difference. 


standard bend, k=.45 


Given sp. gravity of oil = .88 
OD=168,3mm and t=7.1mm and f=.025 
and Q=53.8L/s 


P1-P2=? 
Solution: 
D=OD—2t=168.3—(27.1)=154.1mm 
p = 880kg/m? 


A=nD?/4 = 0.01865m? 

Q=AV or V= 0.0538/0.01865 = 2.8 m/s 

As diameter is same all over the path so, v= v2=v 
Applying Bernoulli’s equation 


2 Pp V>2 
ch 22. + Z4 = = + a + Zo + (Himajor loss) sum+ (Hminor loss) sum 
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P,-P, fv2 y2 
or, = +0+0 = 0+0+ zen (14 +12+13)+ = [(0.45 x 2) + 0.68] 
Or, Py-P2 _ (zee en 4 2.8% x 1.58 
y 2gx0.1541 2g 
Or, #2 = 6.48 + .632=7.12 
“ P, — P>= 61465.53 Pa= 61.46KPa (Answer) 
5. From the given chart determine a) Flow rate 
b) Pump efficiency 
c) power required (can’t remember actually) 
when total head is 60m and impeller diameter is 14 inch. 
In graph — Total head(in m and ft both are given ) vs. Flow rate(gal/min) 
(Almost same) 


0 269 an Se OSS gpm 
PUMP FLOW CAPACITY 


6. In a slider crank mechanism, the crank is rotating with an angular velocity of 20 
rad/s in counterclockwise direction. At the instant when the crank is perpendicular to 
the direction of the piston movement, velocity of the piston is 2m/s. What is the radius 
of the crank? 

Solution: Velocity of slider crank, V= rw[sin 8 + sin 26/2n] 

As crank is perpendicular to the direction of the piston movement so, 6 = 90 

V=rw or, r=2/20= 0.1m 

7. Find the power transmitted by a belt running over a pulley of 600mm diameter at 
200rpm. The coefficient of friction between the belt and pulley is .25. angle of lap 160° 


and maximum tension in the belt is 2500N. 


Solution: V= = =6.28m/s 


a = gO 90.25x160xm/180 = (199 so, T,=1244.4N 
2 


Power transmitted, P= (T; -—T2)V=7889.16W=7.9KW 

8. A cantilever beam needed to design in such a way that stress should be minimum during 
bending of the beam. For this design circular and square shape beam can select. The 
diameter of the circle and side of the square is same. What shape will you suggest for 
minimum stress (By mathematical analysis)? Assume length is same. 


ne en 
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Probable solution: D=a(side of square) 
For circular shape- bending stress, 0 = — = ——— = —> 


From the equations, bending stress for square shape is less than circular shape. 


For minimum stress square shape can be selected. 
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9. A 2.5m long bar is placed between two rigid walls. The area of the rod is 1200mm?. 
At 20°C the gap is 2mm. If the temperature rises to 200°C. Determine the stress 
developed into the rod. Taking thermal expansion coefficient 11.7um/m’c and 


E=200GPa. 
Solution: 


Su= gap + 5, 

Or, aLAT = 0.002 + = 

Or, = = (11.7x10%x 2.5x 180)—0.002= 3.26x107 
o = 261.2 MPa 


10. Draw the necessary orthographic views of the following figure. 
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Dhaka Mass Transit Company Limited (DMTCL) 
Post: Assistant Project Engineer (Mechanical) 
Time-10.00AM to 11.30AM 
Date:21.09.2019 
Exam Hall: BUET 
[Marks Distribution: Departmental—65 Non Departmental—0.5 x30=15] 
Bangladesh Affairs—5 marks (0.5x10) 
1. Who first made Dhaka as capital — Islam Khan 
2. Six points movement is compared with _. Magnakarta 
3. Who started celebration of Bangla new year — Mughal Emperor Akbar 
4. Who started railways in Indian subcontinent — Lord Dalhousie 
5. Which two districts/sides will connect Padma Bridge — Munsiganj to shariatpur and 
madaripur 
6. How many sectors in 1971? — 11 
7. Teknaf is beside which river — Naf River 
8. Bangla academy established on - 03 December 1955 
9. Largest land port in Bangladesh — Benapole 
10. First gas extraction started at DMTCL — 
English-5 marks 
11. Petrified synonym- terrified/horrified ; 
12. He said, "good bye my friend". What will be indirect speech? - He bade his friend good 
bye 
13. Um having/taking a cup of tea — I am taking a cup of tea. 
14. The members selected Mr. Zafar __ President. Option( a, an, the, no preposition) 
15. She sent him to Grochery of 6th street. 
16. Antonym of Protect—expose/attack/harm 
17. They are opening the shop today. Here ‘today’ is adverb 
20. It_has been raining since 8 O'clock. 
MRT related- 5 marks 
21. MRT 1 route- Uttara(airport) to kamlapur(matijeel) 
22. MRT | length-31.24km 
23. Power Transmission of Metro rail—overhead catenary system 
24. Power source of metro rail — National grid 
25. Max. Speed of elevated metro rail part—-100 Km/hr 
26. Power consumption by each metro—6.5MW 
27. How many person will move by each metro — 60,000 passengers per hour | 
28. Gauge dimension of Metro line — 1435mm 
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29. MRT stands for — Mass Rapid Transit. 
30. PSD stands for — Platform Screen Doors 

Departmental- 65 (135) 
1. Show sensible cooling and Cooling & dehumidification in given psychometric chart. 
Answer: Same as Bangladesh China Power Company (Pvt.) Limited (BCPCL)—2018 
2. A 21cm thick brick wall having thermal conductivity k= 1.04 W/mk and is insulated 
with a material having k=0.07 W/mk. Inside & outside temperature 1000°C and 40°C 
respectively. Heat loss is 960W/m2. Find thickness of insulation. 


inside 
1000°C 


Solution: We get, Q/A= s—x, or, 960 = eee “ X2 = 0.0558m= 5.58cm (Answer) 
Hie 1.04 t 0.07 
1 2 


3. Find the thermal efficiency of Otto cycle when compression ratio r=6. Pressure lbar, 
temperature 288K. Input heat was given 950kj/kg. Find net work done. 
Solution: 


Thermal efficiency, y =1 — i =1- wa = 51.16% 

and Net work done= n X Input heat = 0.5116 x 950 = 486.02 Kj/kg (Answer) 

4. 30m long rectangular duct height and width was 3mxX1.5m. Velocity of airflow 6m/s. 
f=0.091. Find pressure drop through the duct, air density was 1.07kg/m°. 
Solution: Assume, flow is fully developed, steady and incompressible. 
Vi=V2=V=6m/s, Hydraulic diameter of rectangular duct, Di=45 = 
p = 1.07 Rae and L=30m. 


2 
We get, —S X +2, = 24+ +2, +H; 


3X15 
2(3+1.5) 


Py V1 P2 V2 fLV2 

or, “~+— = —. —— 

ag, pe 2g) 2! 2gp 
P,—P, fLV 
or 0 +—— 
> pg 0 7ED. 
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5. Find hydrostatic force & center of pressure acting on a submerged plane inclined 
with water surface at 30°. Height & width of plate was 4ft and 3ft respectively. Upper 
edge is Y= 64ft below the free surface. [N.B. there is a confusion about the Y value. This 
is an assumption] 


Solution: 6 = 30°, h* = center of pressure, h = center of gravity 
water surface 


F=pghA = 62.428 x 32.2 x (64 + 2sin30°) x 12 = 1567.94 Klbf 


2 
» — Igsin?@ , - _ =5%3x4(sin30°) 2 
SS th Se 05 65 OSL 


6. Two bar subjected to tension. Bar dimension a" Xa". One bar was straight and other 
was bended such that distance from neutral axis is a". Find normal stress ratio acting 
on both bars. 


: . 


Solution: 
P P 

say War 
a a 

_P Mc_P aPxz  P 12aPx>  7P 

aA a ge a ae ae ats 2 
12 

02 7P Va a. 

eres XS 7:1 (Answer) 


7. A pipe of diameter 300mm and the inside pressure is 500KPa . A disk is fitted on the 
end of pipe with some bolts. Initial tension of each bolt 2KN. If each bolt can withstand 
maximum 5KN tension. Find out number of bolts. 
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Solution: We get, Pressure force, F=PA= 500 x 103 x : x. 32 = 35.34 KN 


Now, Total force for n number of bolts is, Fb= n(5—2)=3n KN 

So, Fb = F or, 3n = 35.34 or,n = 11.78 -. No. of bolts required = 12 (Answer) 

8. Saturated vapor 100°C enters in a pipe. Condensed isothermally. Another coolant at 
25°C enter in other pipe leaves at 50°C. Find out the value of LMTD for parallel & 
counter flow. Comment based on their value. 


Solution: 
100°C ae 400°C > 100°C 
. T ‘ 
26°C 
04 
- 


For parallel flow, AT, = 100 — 25 = 75°C and AT, = 100 — 50 = 50°C 
LMTD = ———— = —>=— = 61.65°C or 61.65°K 


LMTD will be same for both parallel and counter flow. (Answer) 
9. Name the following given in below. 


Helical gear 


Worm gear Bevel Gear 


fi 


Disk Brake Drum Brake 
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10. A uniform rod of length L and mass m is supported as shown. If the cable attached 
at end B suddenly breaks, determine the angular acceleration of AB. j 
Solution: [See question BIWTA-2019] 
11. A 6.5m ladder AB of mass 10kg leans against a wall as shown. Assuming that there 
is no friction at B, determine the smallest value of coefficient of static friction at A to 
hold the ladder. 
Solution: Fg=0, L=6.5m and W=98.1 N 

¥ Fx = 0 or, Rp=Fa B Re 
> Fy =0 or, Ra=W 

and ¥} Ma=0 

or 6Rg=1.25W 6m 

or, 6Fa=1.25 Ra 

Condition for holding the ladder , 4 < us or, ~= < 


.. Minimum value of static friction coefficient at A, 1.25m 
Us = 0.208 (Answer) Ra 
12. Name the spring end condition of the following figures. 


rN, 
i mON 


Open Ends Closed, Squared and Ground 
Coiled Right-hand Ends Coiled Left-hand 


Closed Ends Not Open Ends Ground Square 
Ground, Coiled Right-hand Coiled Left-hand 


13. Draw isometric view from the orthographic view. 


__ fsemetric 
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Bangladesh Agricultural Development Corporation(BADC) 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 11.30AM 
Date:17.01.2020 
Exam Hall: EU school & college, BUET 
[Marks Distribution: Departmental-40 Non Departmental-40 ] 
Section-A (20 marks) 
1. A number is divisible by 13 and reminder is 11, the same number is also divisible by 17 
and reminder is 9. What is the number? Ans -349 
2. A sum of money distributed among A,B,C & D in the ratio of 5:2:4:3. If c gets 1000tk 
more than D what is the share of B? Ans-2000 
3. The age of father is 24 years more than his son. After 2 years father’s age is two times of 
son. What is present age of son? Ans-22yrs 
4. If length of a rectangular is halved and width triple then which one is correct? Ans- 50% 
increase in area 
5. A number 150 is increased by 60% then after decreased by y% result will be 192. What is 
the value of y? Ans-20 
6. Synonyms of stringent- Ans-rigorous 
7. Opposite of transparent- Ans- opaque 
8. Which sentence is correct?- Ans- the more he gets, the more he wanes: 
9. He serves the people asifhe a leader. Ans-were 
10. Which is not included in seven sisters state? Ans- Sikkim 
11. Where is manpura island located? Ans- Bhola 
12. ‘The last supper’ is a__. Ans- painting 
13. What is fair fax? Ans-News agent 
381 GITHIN fe Tq? Sorat 
9@1 FAITHS COTE CITA HAAS ATH. TA/AMeTMT/ACSTs/ Ans -OATAA WITT 
SU] COTS COLH RIAA ACTA’ — CHIN CHA Pashe? farur 
54/3 = Bey 
Stl CBT TAG OB? STS NT 
19. Which emperor first wrote autobiography? Ans- Babar 
20. What is the plural form of index. Ans-indices/indexes 
Section-B (20 marks) 
1. Comprehension-(read passage and answer three MCQ question) 
2. Translations 
Y SRC Ga GUAT SSA HA GTC 
Y SIMNAG BIS GATT ROMA | 


Y OAfSRR STA A SL PMI 
©] STAT Sl? WY. 8 Betws SAA MAST Sl? 
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81 Target Sl? CH APT SALA? MITifesanr ac aaes cpa? 
C1 CaPYS GeTary Ais aSTAd Sor HH fee 
7. Write a paragraph on ‘Green Building’ 


Departmental- 40 

1. Identify the mountings and accessories from the following list 

v Pressure gauge-boiler mounting 

VY Steam stop valve-boiler mounting 

v Air preheater-boiler accerssories 

v Pressure glass-boiler mounting 

“ Economiser —boiler accessories 
2. Match the following dimensionless numbers. 
Answer: BIWTA-2019, Page-212 
3. A pump is running under a head of 40.8m having discharge 30 L/s. Head loss is 4m. 
The efficiency of motor is 90% and draws power from 3 phase line of 400V and 25A. 
Determine the pump efficiency. Considering power factor 1. 
yQH _ 1000x9.81%(0.03)x(40.8+4) 
motor efficiency V3 x400X25X1x0.9 

= 0.845=84.5% (Answer) 

4. A reducing elbow is used to deflect water flow at a rate of 14 kg/s in a horizontal pipe 
upward @ = 30° while accelerating it. The elbow discharges water into the atmosphere. 
The cross sectional area of the elbow is A,=113cm" at the inlet and A2=7em at the 
outlet. The elevation difference between the centers of the outlet and the inlet is 30cm. 
The weight of the elbow and the water in it is considered negligible. Determine the gage 
pressure at the center of the inlet of the elbow. 


Solution: Pump efficiency = Ja vicosd x 


@) A2=Tem*2 


P2=atmospheric 


( 30cm 


t 
Centre lme —_—— 


\® 
Al=11]13cm"%2 
Solution: V;= mass flow rate/pA; = ——_-*__ =1.23m/s, Similarly V2=20m/s 
1000x113x10 
Applying Bernoulli’s equation 
Pi vy? Ps. ¥7 
—4++47,=~+— +2, 


pg 2g pg 2g 
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~ 


Py = P, v2? = Vv,’ 


pg 28 
P,—P, 20? — 1.237 
pg t—‘(<i«é‘éi 

or, P, — P; = 202186.55 Pa 
“-Pgage=202.18K Pa (Answer) 

5. Showing the following process in psychometrics chart 
6. See question —- BCPCL-2016 (mechanics-angular velocity of rod AB and velocity of A) | 
7. Load P is acting middle of a simply supported beam shown in figure. The side of the 
square cross section of the beam i is ‘a’. Find the maximum bending stress in terms of a, 

L and P. 


or, + Zz = Z4 


+ 0.3 


or, 


Solution: 
Pp 
L’?2 Li2 
R1=P/2 R2=P/2 
P/2 L2 
mw Pi2 
: PL_a 
x : Z MC 2*5 _ 3PL 

So, M=PL/4 and maximum bending stress, o = — = = = = (Answer) 


I wgaxas—2a8 
8. See question — EGCB-2017 (gear ratio math) 
9. See Fundamentals of Mechanical Engineering book Volume-1. (Chapter-15 and 
Page 9-11.) 
10. Drawing -See question -CPGCBL-2018 
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Electricity Generation Company of Bangladesh(EGCB) 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 11.30AM 
Date:31.01.2020 
Exam Hall: BUET 
{Marks Distribution: Departmental-[40+10] Non Departmental-50] 
Non departmental-50 

1. How many sub-sector was during liberation war. 
2. In which sector Dhaka was — sector 2 
3. Headquarter of ADB — Mandaluyong, Philippines 
Education day of Bangladesh — 17 september 
Which USA president abolish slavery — Abraham Lincoln 
What is the first poem of ‘ognibina’ — proyollash 
Which country opposed Bangladesh during liberation war- China 
8. President of Srilanka —- Gotabaye Rajapaksa (prime minister-Mahinda Rajapaksa) 
9. Next D-8 conference will be held on which city-April 2020, dhaka 
10. Road Transport Act-2018 effective from — November 01, 2019 
11. Highest remittance coming from which country — Saudi Arabia 
12. When did Bangladesh join in IMF — August 17, 1972 
13. Which is the largest division of Bangladesh — Chittagong 
14. Which city is not in time interval of GMT — London 
15. During liberation war Birsresto Ruhul Amin joined in which section — Engine 
maintenance nevy 
16. GEN CBA WIAA 41% - PRAT 
17. farted CBA ArBHG HS - stze QIoreeta faare CoAT 
18. The train is behind time. 
19. When my uncle arrived, I was watching TV. 
20. Which sector has the largest contribution in GDP of Bangladesh — Service 
21. Which is the correct spelling — Recommendation . 
22. A train 120m long passes a man in 12 seconds. Find the speed of the train in Km/hr. 
Ans- 36Km/hr . . 
23. A and B can do a work in 30 days. A doing work for 16 days and B finished the rest of 
the work alone in 44 days. How many days ae for B to finish the work alone? 
Ans-60days 
24. A man ‘is 24 years older than his son. In two years his age will be twice of his son. The 
present age of his son is_. Ans-22 years 
25. The sum of father, mother and their son’s average age 3 years ago was 27 years. The 
average age mother and his son 5 years ago was 20 years. Present age of the father is_. 
Ans-40 years 
26. Rafiq is 12 years older than Ratan. In two years Rafiq’s age is doubled of Ratan’s age. 
Ratan’s age_. Ans- 10 years 
27. The ratio of perimeter and breadth of a rectangle is 5:1. If the area of rectangle is 216 cm? 
then the length is_. Ans-18cem 


Oe 
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28. 2°7+1 is completely divisible by a whole number. Which of the following number 
completely divisible by this number? Ans- (2° ®+1) 
29. When a number is divided by 13 then remainder is 11 and the same number is divided by 
17 then remainder is 9. What is the number? Ans-349 
30. Which one is not appropriate_ 7,8,18,57,228,1165 Ans-228 
31. logi95+logio(5x+1)=logio(x+5)+1, x=? Ans-3 
32. A bag contains 2 red, 3 green and 2 blue balls. When randomly drawn two balls then 
what is the probability of none of the balls is blue. Ans-10/21 
33. The angle of elevation of ladder leaning against a wall is 60° and the foot of the ladder is 
4.6m away from the wall. The length of the ladder is_. Ans-9.2m 
34. Two students appeared in an examination. One of them secured 9 marks than other and 
his marks was 56% of the sum of their mark. The marks obtained by them _. Ans-42.&33 
35.A clock i is started at noon by 10 minutes past 5, the hour hand has turned through angle of 

Ans-155° 
36. If 2™ term is 27 and 5" term is 84 at constant rate then what is the 1“ term? Ans-8 
37. Sum of 5% of A and 4% of B is equal to the 2/3 of sum of 6% A and 8% of B. what is the 
ratio of A to B? Ans- 4:3 
38. If four students donated in a charity average taka of 20 each. If no one can’t donate more 
than 25 taka then what is the minimum one can donate? Ans-5 
39. Who is Bangladesh high commissioner to india HE Mohammad Imran 
40. 5 identical machine can produces 270 boxes in 9 minutes. How much time will take for 
10 identical machine to produce 800 boxes. Ans- 40/3 minutes 
41. One voice change. 
42-50. Unable to Collect. 

Departmental MCQ 

1. What is the capacity of EGCB? Ans-950MW 
2. Which is the base load powerplant-coal/neuclear/steam/hydro 
3. Which is non renewable source of energy?sun/wind/neuclear/biothermal 
4. EGCB sales electricity to_BPDB 
5. What is the required space area for photovoltaic cell per MW? Ans-10 to 15 thousand 
square meter (not exact) 
6. What is capacity of kaptai hydroelectric plant- 230MW 
7. What is the required space area for steam power plant per MW? — 2700 to 2800 square 
meter 
8. Which is involved electricity in system loss.- transmission 
9. What is the demand of electricity during winter season? — 75% 


Departmental -40 
1. A four stroke engine has bore to stroke ratio 0.8. The mean effective pressure is 
0.83MPa and incated power is 30 hp and engine speed is 2400rpm. Find out the 
dimensions of enemie. 
2400 


Solution: Given, > —= 0.8,P = 0.8MPa, n = —— = 1200rpm 
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and I. P.= 30 x 746 x 1073 = 22.38KW 
100kPLAn Kw 
60 


ag 100x1x0.8%10°xLx2D?x1200 100x1x0.8x106xLx=(0.8L)?x1200 
or, 30 xX 746 x 1077 = ———_______+__ = SS ee 


60 
« L= 3.03mm &D = 0.8 x 3.03 = 2.42mm (Answer): 
[N.B. data may be not accurate that’s why stroke length as well as bore diameter seems to be 
abnormal] 

2. Steam enters into a superheater at pressure of 9 bar with 95% dry quality and steam 
leaves superheater at 250°C at constant pressure. Find the change in entropy per unit 
mass of steam. Given, C,=2.2Kj/kg.K 
Srp (ki/kg-K) 
ice Oe Oe 
Solution: 


Temperature of saturated steam at 9 bar is 179.97°C 
Entropy of steam before entering into superheater, S=S; + xSj = 2.2 + 0.95 x 4.12 


We get, I. P.= 


= 6,114 Kj/kg.K 
Entropy of superheated steam, Ssup= Sg + Cin 
hange i AS = S S=Sp t+ Cyln 2 — $= 6.32 + 2.2 n= _ 6.114 
Change in entropy, AS = Ssup ~— S=Sg + Cp)Inz—- — S= 6. 2 InSea73 ° 
= 0.522 Kj/kg.K (Answer) 
_ 3. Write the differential equations of the following spring models. 
. bl xl sa 
ae 
kl LPH 7 ‘ 
no friction ; 
2 
For the mass m,, - kx; — bo + ko(x2-x)) = my —~ 
2 
or, m, < + k)x;+ bi - ko(X2-x1) = 0 
~My —< +b1 ~. (ki+k2)x) = kox2 = 0 
2 
For the mass of m2, -k2(x2-x)) = ma 
ee ae =0 
“ maga t ko(x2-x1) = 


4, A furnace wall is built up with 100mm thick refractory material and its area is 1m’, 
Inner and outer temperatures are 31°C and 10°C respectively. Thermal conductivity of 
the material is 0.05 W/m.k. Find out the heat loss through the wall. 


Solution: Q = kA = 0.05x1x = = 10.5 watts (Answer) 
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5. Gear (nomenclature) 
Addend circh 
Addendum ere | FT op Nani: 


sy, t “-~2. = Pitch surface element 
-Dedendum See f 


4 r Working depth 


Pitch circte 


Ne gee 
Bo ae : 
Ln a . te +--+ Tooth thickness 
Ay Circular pitch ~<—_——_.—____ : a 
. °—Total depth ‘Tooth space a” 


Clearance Root or dedendum circte _. Sf 


_. Clearance or 
working depth circle 

6. A water tank, 22 ft in diameter, is made from steel plates that are 1/2 in. thick. Find 
the maximum height to which the tank may be filled if the circumferential stress is 
limited to 6000 psi. The specific weight of water is 62.4 Ib/ft®. 
Solution: Assuming pressure distribution is uniform. 
6,=6000 psi = 6000 Ib/in? = 6000 x 12? = 864000 lb/ft? 
Pressure force , F = PA= yh xX Dh = yDh? 
And Tension in the tank wall, T=o,A,= 864000 x ht 


Now, » F,= 0 or, F=2T or, yDh? = 2 x 864000 ; x cht 


or, 62.4 x 22 xh? = 2 x 864000 xhx 
“ h = 52.44 ft (Answer) 


7. Two solid cylinders A and B have the same mass m and the radii 2r and r 
respectively. Each is accelerated from rest with a force applied as shown. In order to 
impact identical angular accelerations to both cylinders what is the relationship 


between F1 and F2? 


Solution: 
F1x2r _ F2xr 


Torque = Fx R=Iaor, a= = = 
4 ; o R2 sm(2r)? smr 2 


8. Draw the performance curve of centrifugal compressor and showing the 
operating/duty point. 


2x12 


“.F|=2F (Answer) 
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anti surge line 


Operating point 
efficiency curve 


speed 
Z 
Ys 
ri 
stone wall 


a 


Efficiency 


Head 


Flow rate 


9. A quantity of air having volume of 100 m, temperature 23°C and pressure 100KPa. 

The partial pressure of dry air is 95 KPa and relative humidity is 74%. Find out the 

specific humidity and mass of water vapour present in the air. Take, R=0.29Kj/kg.k. 

Solution: . 

Total pressure, P=P,+ P, or, 100= 95 + Py so, Pw=SKPa 

Specific humidity/Humidity ratio, w= = 0.622 x ~ = 0.622 x = = 0.0327 kg/kg of 
a 

dry air. (Answer) 

Mass of water vapor, W=m,/m, or, my=W m, = 0.0327 x 


{Source- R.S khurmi thermodynamics-psychrometric relations| 
10. Draw the isometric view from the orgraphic view. 
_-.., sometric 


a“ a 
oa 


PaxV 


= 3.618 kg 


a 
Os i 
a “oy 
™ a 
sae gi 

ee 


sae 


Top EX 
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Barapukuria Coal Mining Company Limited(BCMCL) 
Post: Assistant Manager(Mechanical) 
Time-10.00AM to 11.30AM Date: 14.02.2020 
Exam Hall: ECE building, BUET 
[Marks Distribution: Departmental-60 Non Departmental-20 ] 


Non departmental (40 x 0.5 = 20) 
. Sundarban declared as world heritage site by UNESCO in 1997. 
. Who introduced Bangla New Year- Mughal Emperor Akbar 
. When did British leave from EU? — January, 2020 
. Who is the only foreigner got the title “birpratic’ - W.A.S. Ouderland 
. Trump is 45" president of USA. 
. In which fiscal year GDP growth rate of Bangladesh reaches seven percent- (2015-2016) 
. Which is considered as revenue? VAT/income tax/customs duty/all of the above. 
. Who is the president of India? - Ram Nath Kobind 
. What is the name of the Iranian general who is killed recently- General Kasem Soleimani 
10. Which country’s airplane recently Iran destroys? - Ukraine 
11. Which country is the new member of NATO? — Mecedonia 
12. COP-25 held in which country? — Madrid, spain 
13. In which article of constitution separation of judiciary from executive is mentioned. — 22 
14. What is the synonym of stringent? — Rigorous 
15. Opposite of transparent is — opaque 
16. ‘What can’t be corrected’ is called- incorrigible 
le Are, put into order (couldn’t remember fully) 
18. A train went 300km from X to Y at an average speed of 100km/hr. At what speed did it 
travels on the way back if its average speed for the whole trip was 120Km/hr.- 150km/hr 
19. The ratio of boys and girls is 7:8. If the number of boys and girls increases 20% and 10% 
respectively then what will be the new ratio? -21:22 
20. In a group of 15, 8 can speak Spanish, 7 can speak French and 3 can speak neither. What 
is the fraction of speaking both Spanish and French? — 1/5 . 
21. If white becomes black, red becomes yellow, green becomes blue and so on then what is 
the color of human blood? —Yellow 
22. South-east becomes north and south becomes south-east. What will be direction for west 
if direction rotate likewise? south-west 
23. Three boys have marbles in the ratio of 19:5:3. If the boy with the least number has 9 
marbles, how many marbles does the boy with the highest number have? 57 
24. How many triangle is there? SARE 


ai rae 


OOrAIN NS WN 


Be i 


f 4 
i 7 
b Ge 


es bs Sees 


25. A water tank of length 25m width 9m and level of water in tank is 2m. if water is 
transferred in a cylinder of diameter 10m then what will be the level of water? = 


26. Which mobile banking is not available in Bangladesh. - 
27. Which African country first recognize Bangladesh as an independent country? Senegal 
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28. Ebola virus outbreak was shown in which country? West Africa 
29. Olympic 2020 will be held in which country? Tokyo 
30. Sudden fall down of barometer reading indicates storm and slowly fall down indicates 
rainfall. 
31. Gambia case against Myanmar in which court? ICJ(International court of justice) 
32. Which one is the element of pencil? Graphite 
33. Which element present in all kinds of acid? Hydrogen 
34. The luggage is too heavy to lift. 
35. Who is director of ‘Muktir gan’. Tarek Masud 
36. If a>b>1 then which one is correct? a*>b* 
37. Which is not correct spelling? (options couldn’t remember) 
38-40 Aeade Sat HSS SA | 
Departmental- 10x6=60 
7. A pipe has inner diameter 50mm and _two gauge pressures are 100 KPa and 97KPa. 
If the viscous loss is 0.5 m of water, find the flow rate inside the pipe. 


Solution: Given that, P,) = 100KPa; P, = 97KPa; H, = 0.5m of water | 
2 2 
- We get, “B+ E+ 2 = 2452 +2, +H, 


Spo yan oe +H, -—-2z 

Vi" __97x102 _ 100x103?) _ 

Qe 981x108 +0404+05 epare 0 = 0.1942 
> Vi" = 3.81 . ; 
“V, = 1.952 m/s 


-Q=AV, =2xD?xV, = - x 0.052 x 1.952 = 3.83 x 10-3m? (Answer) 

8. Draw the characteristic curve of centrifugal pump showing the system curve. 
[Same as BPDB-2018] 

9. Cooling load of a vapour absorption refrigeration system is 2 TR and the COP is 
3.5, find the amount of heat rejection? 

Solution: Given, Q;=2 ton=2x3.5=7KW, Heat rejection to the éandenser: Qy=? 


cooling load 2x3.5 2x3.5 
COP = = Seg OF G-Qi= SS" =2 s0, Qo = 742-9 KW (Answer) 


4. Name four largest power plants in Bangladesh with their installed capacity. 
Answer: 
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Dota Bara fage Cena Sma aT Cert Fat SMR ARATE GE TRCS TAS sald aacsa qe 


PICO AVANT Gera wot GAS Pt ACI | GMT ACY CHI GAP ATT DTG SAT, AEM Aaa *MNeaT 
ACSA ATT | CPCS GUAT ACT ATTVSTA GS THY BCG ACA | 


Payra Thermal Power Plant 1320MW 
Meg 


aghat 450 MW CCPP (MPL) 450MW 
Horipur 412 MW CCPP 412MW 
Bibiana-3 CCPP 400 MW 400MW 


5. 1,=40, T,=50, T3=60, T,=20 and N,=500rpm then N,=? [Similar] 


Solution: 


we ay By, = 10% 60% 500 oom 
Woh gh ot Soo . 


6. Draw the shear force and bending moment diagram. 


P 


SF 


BM 
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7. A 50kg crate is attached to the trolley-beam system shown. Knowing that a=1.5m, 
determine (a) the tension in cable CD and (b) the reaction at B. 


|<] ———» 


Solution: 


> Mp=0 

=Tcos35° x 0.4 + Tsin35° x 
-. T= 500.8N (Answer) 

¥ F,=0 

”. By, = Tcos35° = 410.2N © 
and } Fy=0 

“ By = W — Tsin35° = 490.5 — 287.24 = 203.2N 


1.4 


—50x9.81x1.5=0 
tan35° 


Reaction at B= | (B,? + By”) = V410.2? + 203-2? = 457.7N \ tan™' ——~ = 26.35° 
“. Reaction at B = 457.7N \ 26.35° (Answer) 


8. Two spring having stiffness of 10N/mm and 15N/mm respectively. If they are 
connected in series then what will be the resulting stiffness of the springs. 


Fundamentals of Mechanical Engineering QB-347 


Solution: 
1 1 1 1 1 


K, Kk,’ Kp 10° 15 

-. K,=6 N/mm (Answer) 

9. A wall of a furnace is made up of inside layer of silica brick 120 mm thick covered 
with a layer of magnesite brick 240mm thick. The temperatures at the inside surface of 
silica brick wall and outside surface of magnesite brick wall are 725°C and 110°C 
respectively. The contact thermal resistance between the two walls at the interface is 
0.0035°C/W per unit wall area. If thermal conductivities of silica and magnesite bricks 
are 1.7 W/m°C and 5.8W/m°C, calculate the rate of heat loss per unit area of walls. 


“y 


{3 


Silica bricks 
| Magnesite bricks 
7 | | _ Interface 
4=725 C \ 


‘Tentperature drop 
al the interface 


| 
| 
| 
| @ ® | fyb 1O"C 


x cL, wile La >} 
=120 mm = =240 mm 


Figure 
Solution: Given, 
La = 120mm = 0.12m 
Lg = 240mm = 0.24m 
ka = 1.7W/m°C; kp = 5.8W/m°C 
The contact thermal resistance (Rth) cont, = 0.0035°C/W 
The temperature at the inside surface of silica brick wall, t; = 725°C 
The temperature at the outside surface of the magnesite brick wall, t, = 110°C 
ii)The rate of heat loss per unit area of wall, q : 
At At 


" YR Ren-a + CRen)cont. + Rtn 
(ty -t,) 
= La/Ka+0.0035+Lp/kp 
(725-110) 
™ 0.12/1.7+0.0035+0.24/5.8 
_ 615 


™ 0,0706+0.0035+0.0414 
= 5324.67 W/m? 


.. The rate of heat loss per unit area of wall, q = 5324.67W/m? 
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10. Draw the TOP and FRONT View. 


ONDA Ww RwWLD 


Top 


Bangladesh Water Development Board (BWDB) 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 11.30AM 
Date: 13.11.2020 
[Marks Distribution: Departmental (ME+EEE)-40 Non Departmental-30 ] 


Departmental (MCQ-30) 
Air resistance for car at 20kmph is R. For 40kmph air resistance? Ans- 4R 


[ R=KAV? where K=co-efficient of air resistance, A=projected area of vehicle, V= 
vehicle speed. | ‘ 
What is the cooling capacity ordinary. passenger aircraft? Ans-8TR 
The ratio of endurance limit in shear to endurance limit in flexure is ? Ans-.55 


Camshaft of a four stroke engine running at 1500rpm will run at ? Ans- 750rpm 


lateral strain 
Poisson ratio = —————— = 1/m 
linear strain 


The ratio of length and width of an arrow head -3:1. 

Maximum carbon content of steel can be-1.5% 

The primary winding of 220/6 V, 5OHz transformer is energized from 110V, 60Hz 
supply. The secondary output voltage will be -3V. 
What will be the emf generated by a 4-pole lap wound dc shunt motor rotates at the 
speed of 1500rpm has a flux of .4mWb and the total number of conduction are 1000. 
Ans-10V 


10. A single phase full bridge diode rectifier delivers a load current of 10amp, which is ripple 


free. Average and rms value of diode currents are=? 10A & 7.07A 
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11. A trolley wire has 1kg per meter length. The ends of the wire are attached to two Poles | 
20m aparts. If horizontal tension is 1500kg, the deflection in the mid span=Scm 

12. The total pressure on the surface of a sluice gate of 2m x1m with its top 2m surface 
being .5m below the water level will be=2000kg 

13. The rotor frequency for a 3phase , 1000rpm and 6pole induction motor with a slip of .04 
is =52.08Hz 


Non departmental 
wits Facog Ba-Aeyg 14- ASG eg 


ASOT CRON CBG 2- NOR, ATH MITA eT 

WRB HOTTA YH — RBIS CPI IAT CTY FASS | BACT AAT 

figa scHa wIe fs: BOA 

FICEd CBA DRS TATATS AA? WSPSSTATAT 

TATMOPNTS AIT APS HT CHA CHITYCTA 

TST MT MA BIA ATP AGS BATS 

AMAMACTA ALT TCHS CY BAT CH? WIGS WIRIN 

Po DIBA CNL NS TAA AAPA ACH Al? BS CISA CAS 

0. Which word is incorrect? Conciencous/perseverance/convalescence/maintenance 

. Find the correct sentence- he is too clever not to miss the point/he is too clever to miss 
the point/he is too clever to grasp the point 


a ee SOOO a ON eit ve 


— 


Departmental Written-40 
1. Determine the centroidal polar moment of inertia of a circle of radius R. 
Solution: An annular differential element of area is chosen to be dA. Since all portions of the 
differential area are at the same eines from origin, we write ‘ 


dJ =r dA =r’ (2ardr) a) 


Jaf dj = for? (2ur)dr = {" 2nr3dr = =R* (Answer) 
2. Draw diesel cycle T-S diagram and prove that slope of the curve on T-S diagram for 
constant volume process is higher than constant pressure process. 


X 
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For constant volume, 


dQ = mC dT 
X= mua [both side devided by T] 
: CdT aT oT 
my 
s=— Olas. Ge a ed (1) 
For constant pressure, 
dQ = mC, dT 
Qs mega [both side devided by T] 
= mopar OF ok ee 
dS =—F~ or,--= c, (2) 


We know, C, > Cy , 
so from equation (1) and (2) = es or, (=) 

Cp dS/y=constant 
Thus, the slope of constant ane is higher than the slope of constant pressure 
process.(Proved) 
3. A centrifugal pump delivers 2.5m°/s under a head of 14m and running at speed of 
2010rpm. The impeller diameter of pump is 125mm. If a 104mm diameter impeller is 
fitted and the pump runs at speed of 2210rpm. What is the volume flow and head at 
new pump. 
Solution: 
Given, Q\=2.5m’/s, N|=2010rpm, H,;=14m, D|;=125mm and D2=104mm, N2=2210rpm, 


Qo=? , H2=? 
2 
UE AE oH, = (Po) 5H 
1N 


From similari 
ty, DiN,  D2N 


T 
([5)P=constant 


2 eu x aa chest tae 
~ \0.125 x 2010 = 11.71m (Answer) 
: Qa _ _ & _ (D2\? No 
ae DN; D23N2 a G) Ni *Q: 
_ (0.104\3 _ 2210 = i 
7 (Sue) x 5010 2.5 = 1.58m”/s (Answer) 


4. A vehicle is driven from an electric motor via compound gear, where N,=20, N.=100, 
N3=25, Ng=75. The efficiency of first stage is 94% and second stage is 96%. If the final 
drive requires a torque of 100Nm at 200rpm then determine the required torque and 
speed of the motor. 
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Solution: 
No. of teeth 
Speed ratio, 
n, N,XNyq er cage 
ny N, x Nz OEM NX NG " 
= 100%? x 200 = 3000rpm (Answer) 
20x25 P 
nd a 
From 2” stage, n2 Input power 
, = Tw - 100% 20 X200 5284 66W 
Oe bs ves O06... O06 60. - 


This input power is output for the first stage. 
Output power _ 2181.66 


st 
From 1” stage, Ti = Input power Py 
os P 2320.9 
Torque required, T= Fe = am, = 7.38Nm (Answer) 
60 
5. Determine P required (a) to start moving up the inclined surface. 


(b) to keep it moving up. 
Solution: Given, ps=.35 , py=.25 


(a) A1Fy=0 or, N=Psin25°+800cos25° -----(1) 
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SA F,=0 or, F+800sin25° — Pcos25°=0 
or, UsN + 800sin25° — Pcos25° =0 
Or, Us (Psin25°+800cos25° ) + 800sin25° — Pcos25° =0 [from equation (1)] 
P=780.4N (Answer) 
(b) Using px instead of Lp, we get from above equation, P=739.2N (Answer) 
6. In a reaction stage steam turbine the blade angle for stator and rotor of each stage, 
0,=25", B,=60°, a2=71.1°, B.=32° . If blade velocity is 300m/s and steam flow is 5kg/s. 
Find out power developed, degree of reaction and axial thrust. 


Solution: 
u2 Vw2 
VR Outlet velocity 
diagram 
u 
Infet velocity 
wn) diagram 
an | 5 
Vwi 
P=Fxu=m(Vyi+ Vw) Xu-----—— (1) 
From inlet velocity diagram, Vp, = V,Sina,, Vy, = V, Cosa, 
Vex V, Sina, 
tanB, = or, V; = 453.26 m/s 


Vwi uz,  V,Cosa, — 300 
Vwi = V,Cos25° = 410.79 m/s ; Vp, = V,Sin25° = 191.5 m/s; 
f1 


r= Sing, = 221.18 m/s 
From outlet velocity diagram, Vp. = V,Sinaz, Vy2 = V2Cosa, 
tanB cae ates V> = 252.07 m/ 

ang, = ——— = ——_ = ; 

2 Vatu, VoCosa, +300”? oe 
Vw2 = V2Cos71.1° = 81.64 m/s ; Vp. = V>Sin71.1° = 238.48 m/s ; 
Veo 
r2 > SinB, = 450.03 m/s 


Power developed, P = F X u = m (Vy + Vy2) X U = 738645 W = 738.64 KW (Answer) 
Axial thrust, F= rh (Ve, — Ven) = 5 (238.48 — 191.5) = 234.9 N (Answer) 

pee i 

(iu) reve, -vzyew-vy — (2 (Answer) 
7. A 220V shunt motor with an armature resistance of 0.5Q is excited to give constant 
main field. At full load the motor runs of 500rpm and takes an armature current of 


Degree of reaction = 
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30amp. If a resistance of 1Q is placed in the armature circuit, find the speed at (a) full 
load torque (b) double full load torque. 

Solution: E, = V—I,R,q = 220 — (0.5 x 30) = 205V 

& E,= ve IaRaq = 220 — (0.5 + 1) x 30) =175V 


(a) x2 = = =— or,N2 = = = 426.8rpm ~ 427rpm (Answer) 
1 
(b) I, = 2, = = 2 x 30 = 60amp & E, = 220 — (1.5 x 60) = 130V 
Ne = © or, N, = 200X189 = 317.71rpm (Answer) 
Ni Ej 205 
8. Transform delta to Y(Star) 


100 


a a 


oe Rat+Rg+Rc 20410430 3 
Rc x Rg 30 x 10 
R, = ———s$— = ———__ = 50 
Rat+Rgt+Rc 20+10+30 
Re x Ra 30 x 20 
R3 = ————*— = ————_ = 100 


Ra+Rgt+Re 20+10+30 
9. Consider the oscillator in Fig. below (a) Determine the oscillation frequency. (b) 
Obtain the minimum value of R for which oscillation takes place. 


80KQ 
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(a) ; ; ; ~ (b)At oscillation, 
Let V, = voltage at the noninverting terminal of the op amp ; 
V, = output voltage of the op amp wa = =e 2 = Rs 
Z, =10kQ=R, V, o,C(R+R,) R+R, 
Z, =R+ jol+— 
We get, joc This must be ee at for by 
A, =~ =1+—=5 
V, 2 R, vv, 20 
Vas eee R4R, +joL-—— R, 1 
R+R, 5 
po. OUR, — - R=4R, = 40 kQ (Answer) 


V, @C(R+R,)+ j(@’LC-1 


For this to be purely real, 


LC 
I 


1 
f. =——— = ——— 
°  2nVLC 2n (0.4 «10° )(2 x 10°) 


f, = 180 kHz (Answer) 


10. A PMMC instrument with FSD of 100 pA and a coil resistance of 1 kQ is to be 
converted into a voltmeter. Determine the required multiplier resistance if the 
voltmeter is to measure 50 V at full scale. Also, calculate the applied voltage when the 
instrument indicates 0.8, 0.5, and 0.2 of FSD. [Similar] 


1 
@LC-1=0 —> o0,=—== 
0 oO 


Solution: 
V= Im(Rs + Rm) At 0.8 FSD, 1,,=0:8*100pA=80pA 
R. +R. =~ V= In(RstRmn) 
ec aay = 801A (499kQ+1kQ)=40V 
V At0.5 FSD, 1,,=0.5*100pA=50pA 
oa a V= In(Ry+Rm) 
For V = 50V, FSD, = 50pA(499kQ+1kQ)=25V 
Im = 100 pA At 0.5 FSD, 1,,=0.2* 100HA=80pnA 
50V V= Iin(RgtRm) 
R, = T00nA 1kQ = 20HA(499k0 + 1k) = 10V 


Fundamentals of ‘Mechanical Engineering QB-355 


Dhaka North City Corporation (DNCC) 
Post: Assistant Engineer (Mechanical) 
Exam Venue: BUET 
Date: 29.11.2020 


Departmental- 10x6=60 
10. Draw the typical characteristic curve of centrifugal pump showing the design/duty 


point. 
Answer: [Same as BPDB-2018; ERL-2017, BITAC-2021] 


2. Draw a block diagram of a steam turbine power plant only with the four elements. 
Draw the corresponding T-S diagram. 
Answer: Same as NPCBL-2017 


3. A hydroelectric pump is used to lift water which has a suction head of 1.6m and 
delivery head of 17.4m. Discharge of this pump is 60m3/h. Determine the power of the 
motor if the combined efficiency of the drive motor and the pump is 70%. 

Solution: Same as NPCBL-2017 


4, Write down the results of the following conditions. 


2KN 4KN 2KN 


Solution: Same as Titas Gas Transmission and Distribution Company Limited- 2018 


5. Draw the load vs. deflection curve for the following materials: rubber, cast iron and 
mild steel in a tension test. 
Answer: Same as Titas Gas Transmission and Distribution Company Limited- 2018 


6. Write down the Equation of thin walled pressure vessel- 

a) Longitudinal stress 

b) Hoop stress 

c) Criteria for being thin walled pressure vessel 

Solution: (a) Longitudinal stress, o,= — 

(b) Hoop/ Tangential stress, o,= = 

(c) Criteria for being thin walled pressure vessel: By the definition of thin wall pressure 


vessel, t= oe or es or za 
zi 15 ’20 ° 710 


7. Ina pipe flow Nu = 0.248 Re”? Pr’, Write down the equation for Nu, Re and Pr 
number. [Similar] 
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Answer: Nu = ~; ;Re= oe r= “ 
[aie florft opy Fea Sar HEF a 1] 

Non-Departmental- 40 
1. ago *cHa WE fe? 


ado 6b. aac, A aT AAT d.weies 
2. CHA AWA IM AACSIA TAHA YT TN VA? 
a. S203-d0¢o RIT b. voo-s¢o RBH C. 3O@S-S¢00 RBH d. voo-94¢0 RR 
3. frcba CINTG Gt STATA? 
a, AFT b. Faq C. ARPA d. AS 
4, Woter ~afa edl_a. TM ob. UT ic. ROT dT ie 
5, Tr seas ‘Sra’ ~afe gfa Ued eq BA? 
a, fora ace Ae. Wet AB eT Sree PACT, STA AT IGT CT. AT SLA TT AN 
6. Bails + Ue Hhisa 1H CHAS? a. DHSS 8b. Us oc. Dore d. 4a 
7. The range of normal human hearing is in the range of 
a. 10 Hz to 80 Hz b. 50 Hz to 80 Hz c. 50Hz to 15000 Hz d. 15000 Hz and 
above . 
8. Who has called Bangabandhu the “Poet of Politics”? - Newsweek magazine 
9. Who is the architect of national monument?- Syed Mainul Hossain 
10. The heat of sun reaches to us according to- 
a. Conduction b. Convection c. Radiation d. None of these 
11. Which among the following vitamins is absent in an egg?- Vitamin C 
12. Which date is the Six Point Movement Day? — 7™ June 
13. How many Bir Uttam awarded for liberation war of Bangladesh?- 69 
14, Who gave first corona test kit to Bangladesh? 
15. Which one is the elaboration of VIRUS: Vital Information Resources Under Seize. 
16. Which one is related with stroke? —a. head b. heart  c. liver [Answer is not sure] 
17. The recent updated environmental protocol- a. Kyoto b. Montreal c. Paris 
18. What will be the GDP of Bangladesh in 2021?- 338.39$ 
19. The average marks of four subjects is 120. If 33 was misread as 13 during the calculation, 
what will be the correct average? 
a.122  b.120 ¢.125) d.121 
20. 66 cubic centimetres of silver is drawn into a wire 1 mm in diameter. The length of the 
wire in metres will be 
a. 84m b. 90m c. 168m d. 336m 
21. The diagonal of a rectangle is V41cm and its area is 20 sq. cm. The perimeter of the 
rectangle must be: 
a9cm b.18cm Seven d. 41 cm 


22. The value of (142) (I+) (4) (It) is? 
1 Ta 


a. tH b. x+4 c.> d.—— 
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23. If a man were to sell his chair for Tk.. 720, he would lose 25%. To gain 25% he should 
sell it for: 
a. Tk. 1,200 b.Tk.1,000  c.Tk.960 = d. Tk. 900 


24. If = of A=75% of B = 0.6 of C, then A: B: Cis 


a.2:3:3 b.3:4:5 c.4:5:6 d.9:8:10 
25. I'm afraid I took your umbrellaby 
a. fault b. error c.misdeed  d. mistake 

Feri epeqecer Rae Sal HSA Aly |] 


RPCL-Norinco Intl. Power Limited (RNPL) 
Post: Assistant Engineer(Mechanical) 
Time- One and half hours 
Date:19.12.2020 
[Marks: 100(MCQ)] 
Compression ratio of petrol engine-6 to 10 
What is used for proper and safe functioning of boiler —boiler mountings. 
Purpose of economizer of a boiler- to heat the feed water by using flue gas. 
Purpose of super heater of a boiler- to dry the steam so that there is no moisture in 
steam 
5. In spark ignition engine, how to reduce knocking?- by reducing the compression 
ratio, retarding the spark, increasing the engine speed. 
6. Air refrigeration system used in- gas liquefaction 
7. Ton of refrigeration- one tonne of ice melts from and at 0°C in 24hours, the 
refrigeration effect is equivalent to 210kj/min 
8. Only hydroelectric power plant in Bangladesh- Karnafuli hydroelectric power 
plant, kaptai 
9. Champion of the earth 2020-Frank Bainimarama, Dr. Fabian Leendertz, Mindy 
lubber, Nemonte Nenquimo and Yacouba Sawadogo 
10. Latest champion of T20 cricket world cup (men)?- west indies 
11. Value of reheat factor-1.02 to 1.06 
12. Function of steam stop valve- to shut off or regulate the flow of steam from boiler 
to the steam pipe 
13. Type of coal used in cement and metallurgical industry-bituminous coals 
14. At which temperature natural gas is converted into LNG at atmospheric pressure- - 
162°C 
15. Carbon percentage in cast iron- 1.7 to 4.5% 
16. Gear size is specified by- pitch circle diameter 


i eS 
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17. 


18. 
19. 
20. 
21. 
22. 


23. 


24. 
25. 
26. 
. Function of nozzle- to convert pressure energy into kinetic energy 

. Use of FGD plant- Flue gas desulfurization 

. Purpose of engine transmission- to control the speed and torque 

. If flow is perpendicular to the shaft then what type of pump it is- radial flow pump 
. Function of high octane number- to reduce knocking 

. Constituents of LPG- butane and propane 

. Reynolds number- ratio of inertia force to the viscous force 

. In which cycle closed cycle gas turbine is worked- joule cycle 

. Hindrance means- obstruction/resistance 

. ‘By and large’ means- on the whole/everything considered 

. Who got Nobel prize 2020 in literature-Louise gluck 

. If 45000tk is invested at 90tk per share and 30000tk is invested at 60tk per share, 


Steam turbine is classified according to —steam action/stage number/steam flow 
direction/all 

Cavitation occurs in — reciprocating pump/axial flow pump/steam pump/power pump 
Brayton cycle efficiency-more/less/equal to carnot cycle 

Which is the upper cycle of CCPP- Gas turbine 

Which is positive displacement pump- mixed flow/centrifugal/rotary vane pump 
At which velocity the flow becomes turbulent from laminar- 
critical/sonic/supersonic/ultrasonic 

What device is used to rise the temperature of steam without increasing pressure- 
super heater . 

Psychometric chart indicates property of —dry air/moist air/water/water vapor 
Main property considered for refrigerant- low boiling point 

Which iron is used for ball bearing- chromium steel 


what is average investment per share- 


. Most ancient place of Bangladesh- mohasthangar 

. ‘Let there be light’ written by-Dan Gordon and Sam Sorbo 

. State minister power, energy and mineral resource of Bangladesh- Nasrul Hamid 
. Mujib year- 17 march 2020 to 16 December, 2021 

“CAPSOMPUA’ Aateraea SHAS fH LACS ABA? HTM CQL s1gy 

TFT ANT BIT HBT BLT 

ORT ATA PAST GST AeA 

PRG AGHA BITS AVA SAAR VFA 

Oe TAM HETST/CATOI/ AIT 
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Dhaka Power Distribution Company Limited (DPDC) 
Post: Assistant Engineer in 'G2G" project on a temporary basis 
Exam Venue: BUET 
Date: 18.12.2020 


11. Find the value of h? 

Solution: 

We get, 

4X 1.6+8x 13.6 = hx1+5x 13.6 
=> h = 47.6 cm (Answer) 


12. Isooctane is burned with 120% theoretical air in small three cylinder turbocharged 
automobile engine. Calculate Air Fuel ratio. 
Solution: Stoichiometric reaction, 
CgHig + 12.5 O2 + 12.5 (3.76) Nz — 8CO2 + 9H20 + 12.5 (3.76) No 
With 20% excess air, 


CgHig + 15 O2 + 15 (3.76) No — 8CO? + 9H20 + 15 (3.76) Nz + 2.5 O2 
A _ Ma _NaMa_ 15x 4.76 x29 _ 
Air-Fuel ratio = em Nae Fee 18.16 (Ans.) 
13. Bsfe of a diesel engine is 240g/KWhr. Calculate diesel consumption rate in litre/hr. 
Electric load is 30K W and alternator efficiency is 90%. (s.gr. 0.85) 
Solution: 


{Here, Electric load = alternator output; alternator input = Brake Powet 
ee => Barke power = — = 33.33KW 


We get, alternator efficiency, Na) = Brake power 
= 80005 = = BKg/nr 


me oz = 


Bsfc = => mrp = 33.33 X 24 


brake power , 


: : 
OCT Th 9.41 10-3 m?/hr = 9.41 litre/hr Vaeaes 


14. A5 Ton refrigeration system consumes 3.75 kW find the EER. If enthalpy change 
in evaporator is 56 KJ per unit mass. Find mass flow rate. 
Solution: Given, Refrigeration Effect = STR= 5x 3.5 KW = 17.5KW = 60000 BTU/hr 
[1Ton=12000BTU/hr] 
= Refrigeration Effect(BTU/hr) _ 60000 _ 
EER= Power input (W) ~~ 3.75x1000 16 (Answer) 


We get, Refrigerant effect = Mass flow rate x Change of Enthalpy 


». Mass flow rate = semeerant effect _ = = 0.3125 Kg/s (Answer) 


15. A rectangular test bar spesnitict is subjected to tension test. Test result shows:— 
thickness at the grip is 6mm, width inside the gauge section is 40mm, gauge length 


ve V¢ = 
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200 mm, Yield load 225KN, braking load 242 KN, final length after elongation 249° 
mm. Find the Tensile strength and percent of elongation? [similar] 


y 

Cc 

Test ot aod 

section “ Grip 
G 


Solution: Given that, t = 6 mm, width =40mm, L = 600 mm, Gauge length, L,= 200 mm, 


Braking load = 242 KN, Final length after elongation, L=249 mm 
Yield load _ Yield load 


Cross sectional area in the gauge section, Ag ~ width xthickness 


_ 225 x 1000 


40 x6 
= 937.5 MPa (Answer) 


Le-Lg _ 249-200 _ ; 
oo oe 24.5% (Answer) 


Reference Book: Strength of Materials by Surya N. Patnaik & Dale A. Hopkins 
16. Two parallel shafts, about 600 mm apart are to be connected by spur gears. One 


shaft is to run at 360 r.p.m and the other at 120 r.p.m. If the circular pitch is to be 
25 mm, determine the teeth of each gear. 


We get, Tensile strength = 


Again, Percentage of elongation = 


Solution: 
Given, x = 600 mm; N, = 360 r.p.m; N2= 120 r.p.m; P.= 25mm 
Let, d, = Pitch circle diameter of the first gear 


d.= Pitch circle diameter of the second gear 

We know that the speed ratio, 

N, d, _ 360 

Nz di 120 
And center distance between the shafts (x), 
600 = = (d, + d,) 
or, dy ri d, = 1200.. oft ba Aecseetareee (2) 
From equations (1) and (2), v we find that 
d,= 300 mm, and d, = 900 mm 
Number of teeth on the first gear, 


= 3 or, dg = 3dy orc cce cece cree (1) 


7 ath 7 X300 _ ad 
TP 25 _—* 


And the number of teeth on the second gear, 
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md, 1 x 900 
To = P, = 35 = 113.1 

Since the numbers of teeth on both gears are to be in complete numbers, therefore let us 

make the number of teeth on the first gear as 38. (Answer) 

Therefore for a speed ratio of 3, the number of teeth on the second gear should be 38x3 = 

114 (Answer) 

17. 2Litres of water from 28°C is to be heated in an electric kettle that consumes 1.5K W 
load. If final temperature is 80°C, determine the time required. What will be the 
cost if power per unit electricity consumption charge is 12 taka? 

Solution: We get, 

msA®@ = Power X Time 


. msA®@ 
=> Time = —— 
ower ~20) 
=> Time = 2%42%G9°20) = 336 sec = 5.6min (Answer) 


1.5 
Total Power Consumption = Power xX Time = 1.5 KW x 0.093 hr = 0.14 KW-hr 


“. Cost = 12 x 0.14 = 1.68 taka (Answer) 
18. A thin walled cylindrical tank with vertical axis is fully filled with water of 25 m and 
ID is 2.2 m. The tank is opened in atmosphere. Find out the minimum thickness of 
the tank. The yield and ultimate strength are 210 and 380 MN/mm?. Factor of safety 
3. 
Solution: 
As the tank material is unknown then we can consider 
the Ultimate stress, 


If the tank material is steel, then 
Working stress, 6 y = OP = 23° = 70MN/m? 


Pressure at the base , p= wh 
=10x10% x 25 x 107° MN/m? 
= 0.25 MN/m? 
We know. 0, = = ; 
2t 
0.25x10°x2.2 
2xt 


= == = 126.67MN/m? 
Pressure at the base, p = wh 
=10x103 x 25 x 107 MN/m? 
= 0.25 MN/m? 


d 
We know, 0. = = 


Working stress, 0 y = 


=> 70x 10° = 


= ‘ _, 0.25x10°x2,2 
=> 126.67 x 10° = — ~  2x70x108 
x a_i 
_ 0.25x10x2.2 =0.0039m 
™ 2x126.67%106 = 4mm 
= 0.00217m . The minimum thickness of the tank is 4mm 


=2.17mm (Answer) 


u 


From equation 2-2 of book “Strength of Materials- Ferdinand L. Singer & Andrew 
Pytel” Factor of Safety and working stress 


The yield point is selected as the basis for determining oy in structural steel because it is the 
stress at which a prohibitively large permanent set may occur. For other materials, the 


| allowable stress is usually based on the ultimate strength. 
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Problem: A cylindrical water tank of height 
25m, inside diameter 2:2 m, having vertical 
axis 1s open at the top. The tank is made of 
steel having yield stress of 210 MN/m’. 
Determine the thickness of steel used when 
the tank is full of water. Given: Efficiency of 
the longitudinal joint = 70 %; Factor of safety 
=3 

[Example 10-4. Book: Strength of 
Materials (Mechanics of Solids)- Er. R.K. 
Rajput] 


Problem: A cylinder of thickness 1.5cm, has 
to withstand maximum internal pressure of 
1.5 N/mm”. If the ultimate tensile stress in 
the material of the cylinder is 300N/mm?, 
factor of safety 3.0 and joint efficiency 80%, 
determine the diameter of the cylinder. 
[Example 17:8. Book: A text book of 
Strength of Materials - Dr. R.K. Bansal] 


Solution: Given, 

Thickness of cylinder, t = 1.5cm 
Internal pressure, P = 1.5 N/mm? 
Ultimate tensile stress = 300 N/mm? 


Solution: 


Working stress, o y = 22 = 4° Factor of safety = 3.0 
pay N 3 5 Cu __ 300 
= 70MN /m2 “. Working stress, 0 y = a aalen 
The pressure will be maximum at the base. = 100N/mm? 


Joint efficiency, n= 80%=0.8 
The stress corresponding to longitudinal 
joint is given by, 


This pressure must be resisted by steel sheet 
and therefore the thickness must be 
| determined by taking the maximum pressure 


into consideration. (= _Pd_ 
Pressure at the base , p= wh aha cea 
=10x10? x 25 x 1076 MN/m? | > 100 = 


= 0.25 MN/m? 
Since the tank is open at the top, there will 
only be hoop (or circumferential) stress 
which, under any circumstances, should not 
exceed the working stress. 


d 
We know, 6 ¢ = 5 
1 


0.25x10°x2.2 
=> 70x 10° = ———_= 
2xtx0.7 


_ 0.25x10°x2.2 
™ 2x%70X106x0.7 


=0.0056m 
= 6mm (Answer) 


_ 100X2xX1.5x0.8 


ad 
: 1.5 
=160cm = 1.6m (Answer) 


19. A pipe has inner diameter 50mm and two gauge pressures are 100 KPa and 97KPa. 
If the viscous loss is 0.5 m of water, find the flow rate inside the pipe. 
Solution: Same as BPDB-2018 
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10) Draw the TOP & FRONT View. 


rN 


= 


Sundarban Gas Company Limited (SGCL) 
Date: 10.12.2020 
Exam Hall: BUET 


Departmental: 8x5=40; Non-dept.: 30x a= 20 
[Math + Analytical = 10; GK = 10; = 5; Bangla = 5] 
1. Two chambers with the same fluid at their base are separated by a piston whose 
weight is 25 N, as shown. Calculate the gage pressures in chambers A and B. 


Solution: 
Here,Py = Pe Then, 
P, = 1000 x 9.81 x 0.5 + P, Pz = 2806 — 1000 x 9.81 x 0.5 
Again, = —2099Pa (Answer) 
PE =pgx 0.25 +5 bad 
piston 


= Py = 1000 x 9.81 x 0.25 +2, 
ux<— 


4 


=> PE = 2806Pa 
-. Py = 2806Pa (Answer) 


2./ Consider a 0.8-m-high and 1.5-m-wide glass window with a thickness of 8 mm and a 
thermal conductivity of k = 0.78 W/m.°C. Determine the steady rate of heat transfer 
through this glass window and the temperature of its inner surface for a day during 
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which the room is maintained at 20°C while the temperature of the outdoors is 
10°C. Take the heat transfer coefficients on the inner and outer surfaces of the 
window to be h,=10 W/m?.°C and h.= 40 Wim?.°C, which includes the effects of 


radiation. 
Solution: 
= TirTo a 20-(-10) 
Q= 2k Pi 1 0.008 1 
mA KA h2A 10X12 0.78X1.2 40X1.2 3 
= 226W (Answer) 


The inner surface temperature of the window 


glass can be determined from 
Ti-T1 _ 20-T, Bye 
a Sek 


~ 0.08333 


: an ore a, re 
5 eee brane ab me NY 


3. Water is pumped to a tank 18m high at a rate of 70 L/s by a pump whose motor 
consumes 20.4 kW power. The diameter of the delivery pipe is 150 mm. Find the 
overall efficiency of the combined pump-motor system, considering no frictional 
loss. crane 


: = x0. 075)2 
(3.96)? 


He s8+¥= 18+ 228 ant 


= 18.80m (Considering no frictional loss) 


yQH _ 1000X9.81%(0.07) x (18.80) 
motor power consumption 20.4 1000 


= 0.6328= 63.28% (Answer) 
4:/ Grooves 10 mm deep are to be cut in a steel bar which is 60 mm wide and 9 mm 


thick as shown. Determine the smallest allowable width of the grooves if the stress in 
the bar is not to exceed 150 MPa when the bending moment is equal to 180 N-m. 


Pump efficiency = 


r 


Slop lee oe 


h=9mn 


(a) (b) 


Stress concentration factors fer ft bars vet arocves (nutery, 


{a) Notched bar dimensions. (b) Cross section. under pure bending 
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Solution: From Figure. (a) 

d = 60-2 10= 40mm 

Hs d => (40) = 20mm 

The moment of inertia of the critical cross section about its neutral axis is given by 
1 = Sbd? = = x (9 x 1073) x (40 x 10-3)3 = 48 x 10-9m4 


_ _ Mc __ 180x20x1073 


wa 410-9 = 75MPa 
Using, 0m = kv. 
=> 150 =kx 75 
>K= oe 
Also, = =—=1.5 
From Graph, and for values of D/d = 1.5 and K = 2, therefore, 


= = 0.13 

es 
r=0.13 x 40 = 5.2mm 
Thus, the smallest allowable width of the grooves is 


2rz- 2X 5.2 = 10.4mm (Answer) 
Anew the Boiling Curve for water. 


Interface Film boiling ——_—_——» 
evaporation or 
Free convection | 
I i v—>) Vi 
Bubbles _| Bubbles ri Stable Radiation 
| re super- | '© surface film film | coming 
4 heated vis into play 
SE Te liquid an Res ee &i 
£ { 
= | Heat transferred too 
st [by superheated \ Ve 
liquid rising to the : gle 
|liquid-vapour interface ma 
where evaporation Par 
takes place als 
A | 4 
I 
| 


Boiling curve 


Excess temperature Af, = 1,-1.0 == 


The boiling curve for water. 
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6. Write down the differential equation for the following arrangement. 


Solution: 
m2, = f(t) + k(zq — 21) + b(@2 — 21) 
moto = k(x, — 2) + b(e1 — x2) 
where m , m2, k and b are Cart mass 1, Cart mass 2, Spring constant and damper constant 
respectively. All derivatives are in respect to time, t. 
For Practice (Similar Problem): 


X4 X2 
pee je 
mila 

Cp 


mix; + ch(x1 — £2) + ke(z2 — 21) = 0 
m2x2 + cb(%2 — 21) + k(x — x2) = 9 
fr Link BD is made of brass (E=105 GPa) and has a cross-sectional area of 240 mm’. 
Link CE is made of aluminum (E=72 GPa) and has a cross-sectional area of 300 
mm’. Knowing that they support rigid member ABC and the force P=50KN 
determine the deflection at B and C. 


Fundamentals of Mechanical Engineering QB-367 


Solution: 


Free body member AC: 


+)EMe =0: 0.350P —0.225Fgp = 0 
Fp =1.55356P 


+)EM; =0: 0.125P -0.225F,, =0 
For = 0.55556P 


55556P)(0.225 
Lp SSDOENOD? ©) 2 = 13188890107? 
Esp4ap (108 x 10°)(240 x 10°) 
oan 555 5 
5¢ = Ser a etc = O22 OE NO 4 958) x10°P 
© Eczdes (12x 10°)(300 x 10°) 
53 = 0.7mm (Answer) 


y dc = 0.2mm(Answer) 


Draw the orthographic projection in third angle view. 
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Power Grid Company of Bangladesh (PGCB) 
Post: Assistant Engineer(Mechanical) 
Date:17.12.2020 
Exam Hall: BUET 
[Marks Distribution: Departmental-40 Non Departmental-60] 


Non departmental-60 


Frequency of electric current in Bangaldesh-50Hz 

Which is not a base load power plant — solar 

Asian development Bank (ADB) established in—1966 

What is the current membership of ADB?- 68 

Height of statue of unity- 182m 

More than 50% of electricity is produced from ~ natural gas 
Indigenous coal is used at — a) Barapukuria 

Parent company of Google- Alphabet Inc. 

Public sector meets what percentage of demand- 55% 


. 1* election was held in Bangladesh on —7 march, 1973 

. Black water related with which country- USA 

. Highest electricity consumption sector — Industry 

. Which is not nonrenewable source- .... 

. Bangladesh Tea Board situated in - Chattogram 

. BEPZA started its journey from- 15th April, 1981 

. Which country provides maximum food supply to the world- USA 

. Unit of electrical power and energy- watt and Joule/ KW and KW-hr 

. Agricultural machinery most imported from which country-China 

. What is the full form of Interpol?- International criminal police organization. 

. What is the full form of CNN?- Cable News Network 

. Which company introduced first laser printer — IBM 

. Which is the popular mail service used now a days- Gmail 

. In which area most jute produced — Faridpur 

. What kind of organization is power cell- promoting and reforming power sector. 
. Which spelling is correct- centrifuge 

. First sea port after liberation- Port of Payra 

. What is the ratio of side of a square to its perimeter?-1/4 

. If length of a rectangle is increased by 10% and width decreased by 10% then what will be 


the change in area? Area decreased by 1%. 


. Power cell acts as a government- Agency 


30. 


31. 


a2. 


33. 


34 


35; 


36. 
Ad. 


38. 
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On increasing the price of T.V. sets by 30%, their sale decreases by 20% What is the effect 
on the revenue receipts of the shop?- 4% increase 

Find the compound interest on 1000tk at the rate of 20% per year when interest is compound 
in 6months. -1095tk 

In a certain room, all except 18 of the people are over 50 years of age. If 15 of the people in 
the room are under 50 years of age, how many people are in the room? 

A man rows to a place 48 km distant and come back in 14 hours. He finds that he can row 4 
km with the stream in the same time as 3 km against the stream. The rate of the stream is: 
tkm/hr 


. A positive number when decreased by 4 is equal to 21 times the reciprocal of the number. 


The number is? a)3_ b)5 c)7 d)9 Answer: c 
From the pack of cards the king of spade is taken out. A card is then drawn, would be a king 
of hearts find the probability that the card drawn would be a king of hearts_. 


1/51 
If the square root of x is greater than x, then x could be- a) 0b) % c)2 Answer: % 


A 30% solution of barium chloride is mixed with 10 grams of water to form a 20% solution. 
How many grams of the original solution did we start with? — 20grams 
LIGHT: BLIND::___? Speech: Dumb 


39, arfaanaa afore co?- Supreme Court 
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Departmental 


S Draw block diagram of vapor compression refrigeration system (with main four 


equipment). How they split into indoor and outdoor part of the split AC. 
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a: Expansion 
: Device 


Compressor 


( 
Indoor ' Qutdoor 


P-v Diagram =s-V T-s Diagram = § 


1-2 isentropic compression 

2-3 constant pressure heat addition 

3-4 isentropic expansion 

4-1 constant pressure heat rejection 

. Draw stress-strain curve for mild steel and show the following points-Proportiomal 


limit, higher yield point, lower yield point, ultimate strength, breaking strength. 


eG 
| Ee A- Proportional limit 
B- Elastic limit 
és F C- Upper yield point 
¢ | ab D- lower yield point 
& e E- Ultimate stress/strength 


F- Breaking stress/strength 
G- Actual Rupture Strength 


Strain ——>- 
Draw the graph of air fuel ratio vs load/speed of SI engine. 


G3 AOA HSS AST AAA | 
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U7 t 
Best power | | Stoichiometric mixture 


Power output (kW) 


8 10 «#12 «14 0« «1606180 =«6200 22 


A/F ratio (kg of air/kg of fuel) 
5. A centrifugal pump has 300mm diameter pipe with 100m°/h flow rate. Length of the 
pipe is 60m and suction head is 1.4m and delivery head is 14.4m. Motor-pump 
efficiency is 90% and friction factor is 0.06. Calculate power input of the motor. 


Solution: Given, Q=100m?/h= 0.0278m*/s, D=300mm, L=60m, efficiency=90%, f=0.06, - 
P=? 


Q 0.0278 
Q=AVor,V=—=—% = 0.393m/s 
A race 
2 2 
We ge H=Hy+Hg + Het Sa 1441444 042 CA 
0.06 x 60 x.3932 0.393? a oe 
5 9 om 


2X 9.81 x .3 2X 9.81 


Power required, P = yOr o> = 4818W = 4.82 KW (Answer) 


6. Two different size Pulleys (a motor pulley and a machine pulley) are connected through 
a flat belt. Tension at tight side and slack side are SOON and 350N respectively. The 
machine shaft has a speed of 1450rpm. Determine the torque required and power 
transmitted through the machine shaft. 


at ns 


Pore aaa 


Yj=80mm 
J ¥r)=300mm 
‘ T> / 


Motor palley 7 


Machiiie Pulley 


8. 
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tT PS 
Solution: (A > i ao 

Given, T, = 500N; T, = 350N; rz = 300mm = 0.3m;N = 1450rpm. 
Torque= (T, — T2) rz =(500 — 350) x0.3 =45Nm (Answer) 

Power= (T, — T,) == =(500-350) —-° 4" — 6833W (Answer) 

The inside (uaperatire of a furnace ‘4 1000°C and outside temperature is 200°C. 
Thickness of the furnace is 100mm and thermal conductivity is 20W/mk. Area 2m’. 
Find heat flow rate. 

Solution: Given, T;=1000°C, T.=200°C, x=100mm, A=2m’, k=20W/mk 

Q= kA = 20 x 2 x °°) = 32000]/s = 32K]/s (Answer) 

A thin wall cylindrical vessel has diameter of 300mm and its circumferential strength is 
180MPa and longitudinal strength 75MPa. Calculate minimum thickness of the vessel if 


maximum internal pressure is 3MPa. 
Solution: Given, D = 300mm, 6, = 150MPa, 0, = 75MPa, P = 3MPa, twin =? 


PD PD 3x10°x0.3 ig 
Cc op Ot og. FR IBOKAOe m 

PD PD 3x10°x0.3 ee 7 
Oa Em ao axes m Oe 
Minimum thickness, tin = 3 X 1079m = 3mm EWEN) ( \ # 


_ 
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Bangladesh Council of Scientific and Industrial Research (BCSIR) 
Post: Engineer (Mechanical) 
Exam Venue: BCSIR High School 
Date: 23.01.2021 
[There were Only Departmental 15 questions] 
1. Differentiate between heat engine and heat pump. 
| CHeatEngine =| Cet Pump 

1. A heat engine is a device that absorbs | 1. A heat pump is device that extracts heat 
heat (Q2) and uses it to do useful work | from one place and transfers it to another 
(We) on the surroundings when operating | by using mechanical energy. Examples: 
in a cycle. air conditioner. 


2. It is work producing device. 2. It is work consuming device. 


5. The COP of heat engine is 5. The COP ‘of heat pump is 


Cop, = 2 M1 COPhp = “t 


2. Differentiate between Jig and Fixture. 
1. Jig is a work holding device that holds | 1. Fixture is a work holding device that 
supports and locates the workpiece and | holds, supports and locates the workpiece 
guides the cutting tool for a specific | for a specific operation but does not guide 
operation. .__| the cutting tool. 
2. The main purpose of jigs is to provide | 2. The primary purpose is to create a secure 


repeatability, accuracy and mounting point for a work-piece, allowing 

interchangeability in the manufacturing of |_| for support during operation and increased 

products. accuracy, precision, reliability and 
interchangeability in manufacturing of 
products. 


3. Jig guides the workpiece in machining | 3. Fixture holds the workpiece securely. 
process. 
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4. Fixtures are used in multidimensional 
machining i.e milling, planning, slotting, |. 
turning, grinding and shaping tools etc. it is 
also used for assembling and inspection 
jobs. 

5. Fixtures are always rigidly fixed on 
machine table. 


4. Jigs are used in _ unidimensional 
machining L€ drilling, reaming, 
counterboring, tapping etc. 


5. During machining, Jigs can hold in 
position simply by hand pressure. They 
may be clamped to machine table for 
heavier work. 
3. Discuss about TCs and RTDs. 

Thermocouple (TCs) 

When two conductors made from dissimilar metals are connected forming two common 
junctions and the two junctions are exposed to two different temperatures, a net thermal emf 
(electromagnetic force) is produced, the actual value is dependent on the materials used and 
the temperature difference between hot and cold junctions. The thermoelectric emf 
generated, in fact, is due to the combination of two effects: Peltier effect and Thomson effect. 
As temperature goes up, this output emf of the thermocouple rises (though not necessarily 
linearly) 

Resistance Temperature Devices (RTD) 

Resistive temperature devices works on the principle that the electrical resistance of material 
changes with its temperature. It is well known that resistance of metallic conductors increases 
with temperature. Resistance thermometers employing metallic conductors for temperature 
measurement are called Resistance Temperature Detector (RTD). As their name indicates, 
RTDs rely on resistance change in a metal, with the resistance rising more or less linearly 
with temperature. The variation of resistance of metals with temperature is normally modeled 
in the form: 


Ri = Ro [1 +a (t— to)] 

where Ro and R; are resistance at temperature t and to, respectively. 
4. What is knocking in IC engine? What its effect? 

knocking: The rapid auto-ignition of a portion of a fuel causes a pressure wave of high 
intensity to be set up in the cylinder of an I.C. engine. This pressure wave of high intensity 
propagates rapidly through the gas gives a violet blow to the walls of the cylinder, to the 
combustion chamber and to the piston. A loud pulsating noise known as knocking is 
produced which gives violent vibration to the engine. The knock in S.J. engines is 
characterized by sudden auto-ignition of the charge farthest away from the spark plug while 
in case of C.I. engines it is characterized by the sudden auto-ignition of the mixture at the 
very beginning of the combustion process. Knocking in CI engine always occurs before TDC 
means initial phase of combustion and detonation in SI engine always occurs after TDC 
means last phase of combustion. 
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Effect of Knocking: 

As a result of knocking, the thermal boundary layer at the combustion chamber walls can be 

destroyed. This causes increased heat transfer which might then lead to certain surfaces 

causing pre-ignition. So, knocking combustion causes major engine damage, and also 

reduces the efficiency. 

5. What is the significance of dimensionless number? Discuss the significance of 
Reynolds number and Nusselt Number. 

Answer: Significance of dimensionless number: Dimensionless numbers have high 

importance in the field of fluid mechanics as they determine behavior of fluid flow in many 

aspects. These dimensionless numbers are of key importance in parametric analysis of 

engineering problems. They are also extremely useful in understanding the similarity among 

problems belonging to the same broad class. 

Reynolds Number: It is defined as the ratio of the inertia force to the viscous force. i.¢., 

Re = Inertia Force/Viscous Force= pVD/y= VD/v 

Significance: 

> Reynolds number signifies the relative predominance of the inertia to the viscous forces 
occurring in the flow systems. 

> Higher the Reynolds number the greater will be the relative contribution of inertia effect. 
Smaller the value of Re, the greater will be the relative magnitude of the viscous stresses. 

> Reynolds number is taken as an important criterion of kinematic and dynamic similarities 
in forced convection heat transfer. 

> It indicates that the flow is laminar or turbulent. For pipe flow if Re <2000, the flow is 
laminar, if Re>4000, the flow is turbulent. If 4000<Re<2000 it is transition. For flat 
plate in case of laminar flow Re< 50,000 and in case of turbulent, Re is between 50,000 
to 100,000. 

Nusselt Number (Nu): It is the ratio of heat flow rate by convection process under a unit 

temperature gradient to the heat flow rate by conduction process under a unit temperature 

gradient through a stationary thickness of L meters. 1.e. 

Nu= hL/K 

Significance: 

> The Nusselt number represents the enhancement of heat transfer through a fluid layer as a 
result of convection relative to conduction across the same fluid layer. 

» The larger the Nusselt number, the more effective the convection. 

> A Nusselt number of Nu = 1 for a fluid layer represents heat transfer across the layer by 
pure conduction. 

6. Define: Welding, Soldering, Brazing, TIG and MIG. 

Welding: Welding is a means of joining metals by concentrating heat or pressure or both at 

the joint to cause coalescence of the adjoining areas. A good weld is as strong as the parent 

metal. Welding is done in a number of ways. Welding is done in manual, semi-automatic. or 

automatic operations, depending largely upon the quantity and variety of work. 

Soldering: Soldering or soft soldering is the process of joining metals by means of alloys 

that melt between 177—371°C (350-700°F). The alloys are generally lead and tin alloys. The 
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metals mostly joined by soldering are iron, copper, nickel, lead, tin, zinc, and many of their 
alloys. Aluminum can be soldered by special means. The strength of a soldered joint depends 
on surface alloying and upon mechanical bonding, such as crimping, between the joined 
parts. For soldering, a flux is generally necessary to rid the surface of oxides, to promote 
wetting and obtain intimate contact between the solder and base metal. 

Brazing: Brazing is the name given a group of welding operations in which a nonferrous 
filler metal melts at a temperature below that of the metal joined, but is heated above 427°C 
(800°F). The molten filler metal flows by capillarity between the heated but unmelted 
adjacent or overlapping joint members or is melted in place between those members. 

TIG: Tig (tungsten inert-gas-shielded arc welding) utilizes a tungsten alloy electrode that 
does not waste away in an inert-gas atmosphere. Filler metal is put in by a separate rod or 
wire as needed. Helium and argon alone, together, or mixed with other gas form the shield. 
The process requires care and skill, but makes clean and reliable welds. Its use is especially 
important in aerospace and other critical applications. 

MIG: Mig (metal inert-gas-shielded arc welding), is done with a wire fed through the 
welding head to act as the electrode and supply filler metal as depicted. Inert gases are used 
for critical jobs, but cheaper carbon dioxide has become quite popular for a large variety of 
production operations. 


7. Differentiate between NC and CNC. 


1. CNC stands for Computer Numerical 
Control. 

2. CNC is a machine which is used to 
control the motions of the workpiece and 
tool with the help of prepared program in 


1. NC stands for Numerical Control 


2. NC is a machine which is controlled by 
the set of instructions in the form of 
numbers, letters and symbols. In this case, 


the set of instruction is referred to as 
program. 

3. In NC machine the programs are fed into 
the punch cards. 


4, Modification in the program is difficult. 
5. The programs in the NC machine cannot 
be stored. 


computer. The program is written in 
alphanumeric data. . 

3. In CNC machines the programs are fed 
directly into the computer by a small 
similar to our _ traditional 


keyboard 
keyboard. 
4. Modification in the program is very 


easy. 
5. In CNC machines, the programs can be 
stored in the computer and can be used 
again and again. 


6. The accuracy is less as compared with | 6. It has high accuracy. 
the CNC 


7. Maintenance cost is less. 7. The maintenance cost is high. 
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8. A 21cm thick brick wall having thermal conductivity k= 1.04 W/mk and is insulated 
with a material having k=0.07 W/mk. Inside & outside temperature 1000°C and 
40°C respectively. Heat loss is 960W/m’. Find thickness of insulation. [Similar] 


inside outside 
1000°C 40°C 
k 
X:=2icm x. =? 
, AT 1000-40 
Solution: We get, Q/A= a, OF 960 = Gora “X27 = 0.0558m= 5.58cm (Answer) 
ky ke ‘1.04 * 0.07 


9. Draw the block diagram of Rankine cycle with T-S diagram. 
Answer: 


: 1 -cpranitie incandescent scab 
Boiler | zk r 


Pump a 


Figure: Simple steam power plant that Fig.: T-S diagram of Rankine cycle 
operates on the Rankine cycle 


10. Find the head lost due to friction in a pipe of diameter 300mm and Iength 50m, 
through which water is flowing at a velocity of 3m/s. Take f = 0.01024 [Similar] 
Solution: Here, d = 300mm= 0.30m; L = 50m; V= 3m/s; f = 0.01024 


fLV? 0.01024x50x3? 
We get, hy = Ded Sema areiaar fa 0.7828m (Answer) 
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11. Calculate the pressure P,, [Similar] 


J—1l1atm 
*| pressure 


Mercury 


Solution: At the datum line 3-2, we get, 

P A+(pgh) water a Patmosphere+ (pgh) mercury 

or, Pa+(1000 x 9.8 X 0.4) water = 101325+(13.6 x 1000 X 9.8 X 0.25) mercury 

or, Pa = 134645 - 3920= 130725 Pa 

“. Py = 130.725KPa (abs. )(Answer) 

12. A hydroelectric power station is supplied with water under a head of 20m.The 
overall efficiency is 80% and power output 27.468MW. Find the flow rate. [Similar] 

Solution: 

Given data: 

Flow rate, Q = 175m?3/s 

Head of water, H = 20m 

Overall efficiency, np = 80% 


; ss 
Now overall efficiency, No Ovi 


27.468x10° 
=> Q= ———————_. 
0.8x9.81X1000x20 
=> Q=Q= 175m?/s (Answer) 


13. A pair of pliers grips the bolt as shown. Determine the shear force acting on the pin 
at A. [Similar] 
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Solution: 


Vv 
J >» Mc = 0 
=> 55x(100+45)-— V x 45=0 
* V=177.22N 
Area of pin, Apin = - a a = x 32 = 7.07 mm? 
Shear stress in the pin = Tpin = ; = = = 25 N /mm? = 25MPa (Answer) 


14. Derive the expression for starting the block moving up, where m is the mass of the 
block, @ is the inclination angle and p is the friction factor. [Similar] 


Solution: 


Minimum force required to move up the body, Fnin= mgsing9 + F 

[Friction force, F is in downward direction because the block is moving upward] 
=mgsing§8+ uN . 
= mgsing# + umgcos@ = mg (sing8 + pcos®) (Answer) 
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15. Write down the differential equation for the spring mass system. [Similar} 


Solution: The differential equation is- 


1. 
2. 
3. 


my, = k2(y2 — 1) — kiyi — c¥1 


Coal Power Generation Company Bangladesh Limited (CPGCBL) 
Post: Assistant Engineer(Mechanical) 
Date: 07.01.2021 
Exam Hall: BUET 
[Marks Distribution: Departmental- (5 x8=) 40 & Non Departmental- 60] 


Non departmental-60 


In which year the constitution of Bangladesh was written? — 1972 
Where is saarc disaster management centre located? - New Delhi, India 
330 4 730 4 730 4 30. 9 


(a) g!20 (b) 82° (c) 932 (d) 930 
Answer: (c) 


4, 
5. 


8. 


NATO was formed in the year_? April 4, 1949 . 

Who was the Relief and Rehabilitation minister of Mujibnagar government? 

— AHM Qamaruzzaman 

The first government was formed in Bangladesh_? 10 April 1971 

Who was the commander in chief during the liberation war?- General M. A. G. 
Osmani , 


wits “icra wed fe? (a) TG (b) Fart (c) Beata (d) aor 


Answer: (d) 


9. 


OAT AN’ AAT BAT CH2- (a) BTA low Part (b) Bel agra Dewy (c) Fase GM 
(d) Gram wr GSAT 


Answer: (a) 
10. feos arate Hide atte Faas 
11. Civil Society «a *faerar fica caraib? (a) Hey ATE (b) ZT Te (c) TTafas se (d) 


THfos TT 
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Answer: (b 

12. ca auaniota: (a) frrote GT (b) Bars fax (c) Ba (d) AaqeNCe 

Answer: (a) 

13. Taq Bate Hse (a) LT MCAT ACA Wal (b) HAT MICA ACH Ga (c) MW ACT YC war (d) way 
MA YC SAT 

Answer: (a) 

14, Mavae tO ate ecara- Vey 

15. What is the percentage of generation using coal among total generation? 8.07% 
(According to BPDB website) 

16. In which place electricity is generated by using imported coal? — Patuakhali 

17. The installed capacity of Matarbari coal power plant?- 1200MW 

18. Which is incorrect for CPGCBL? (a) Sole power plant using coal (b) Japan 
invested (c) Public company(GOB) (d) thinking LNG plant for future 

19. Per capita energy generation in Bangladesh? — 512K W-hr 

20. Maximum Power generation difference between winter and summer?- 3000MW- 


5500MW 
21. Which acid is present in tomato? 
(a) Sulphuric acid (b)HCl (c)BothA&B_  (d) Citric acid 


22. Hemoglobin related to— iron 

23. Correct spelling— accommodation 

24. The Tk-10 bank account means: to take a collateral-free loan of Tk 50,000 from 
a bank for the first time in life by the poor people. 
[arf eejerett Rae Far HST Sala] 


Departmental-40 
1. Draw the block diagram and T-S diagram of reheat Rankine cycle. 


Reheating 
High-pressure 
turbine 3 


Low-pressure 
turbine 


High-P 
turbine 
ee 


2. A thin-walled double-pipe counter-flow heat exchanger is to be used to cool oil 
(Cy= 2200 J/kg - °C) from 150°C to 40°C at a rate of 2 kg/s by water (C,=4180 
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J/kg - °C) that enters at 22°C at a rate of 1.5 kg/s. find the oil water exit 
temperature and the LMTD. [Similar] 


Solution: 
The rate of heat transfer from the water to the 
oil is Q = [MC, (Tin — Tin) Hot oil, 


oil 1s0°C J 
= 2 2.2 x (150 — 40) = 484KW 
The outlet temperature of the water is Coldwater gos 


determined from, Q = [mhC, (Tout — Tin)] aaa oa 
. water iskee | 
=> Tout = T; Fone re Pm aaa eo 40°C 
sk alae «1 1.5 x 4.18 ' 
= 99.2 °C (Answer) 
LMTD: 


AT, = Thin — Teour = 150 — 99.2 = 50.8 °C 
AT> = Trout — Tein = 40 — 22 = 18°C 
LMTD = “ppt = SSS = 31.6°C 


"AT. In 18 


(Answer) 


In exam the flow rate was given in I/s (Volumetric flow rate) unit and specific gravity was 
given, in this case m = specific gravity x volumetric flow rate 
3. A circular bar fails at 60KN gauge length 53mm and elongation length 58mm. 
Calculate the percentage of elongation and tensile strength of the bar. [Similar] 


pee On 
| --S3mm——-) | 


f- i3mm -—— 20mm 
<— Test 7 
section 


Solution: Given that, diameter =13mm, Gauge length, L,= 53 mm, Braking load = 60 KN, 
Final length after elongation, L.=58 mm 
We get, Percentage of elongation = — = a X 100% = 9.43% (Answer) 

Braking load 


Again, Tensile strength = ———£@$— ———_——_ 
gals 8 Cross sectional area in the gauge section, Ag 


_ 60 x 1000 | 
z * 137 
= 452.04 MPa (Answer) 
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4. The following machine part is made of brass, density p = 8.65gm/em’. i) What 
will be the final weight? ii) If it is made from (70X65xX22) mm material. What 
percentage of material will be lost in machining process? [Similar] 


Solution: 
i) Final weight = 8.65 x [(3.8x6xX2) — (3x1x2) + ; xm x 37 x 2—1X1.57x2] gm 
= 8.65 x [45.6 — 6+ 28.27 - 14.13] = 464.851gm (Answer) 
ii) Weight before machining = (7.06.5 2.2) x 8.65 = 865.865 gm 
.. Percentage of material will be lost in machining process = —— x 100% 
= 46.31% (Answer) 
5. Air kinematic viscosity of 1.5x10~° m?/s is transported through a pipe of 1cm 
diameter and 500m length with a flow rate of 70 cm?/sec. Find head loss and 
pressure drop. [Similar] 


Solution: Here, 9= 1.5x107° m2/s, D= 1cm = 0.01m, L= 500m, Q = 70 cm?/sec 


-2_ 70 _ = 

V= a Ba = 89.13cm/s = 0.8913m/s 
_ VD __ 0.8913x0.01 _ 
We get, Re = oo Gea 594.2 
* Re<594.2, so, the flow is laminar. 
64 
=a ; 0.108 
f= SVE w= 2:2 085 00% (0 8973)" = 218.65 m of air. (Answer) 
2gD 2x9.81x0.01 


And, pressure drop = P, — P,; = pghr = 1.21 X 9.81 X 218.65 = 2595.4Pa 
= 2.595KPa (Answer) 
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Bangladesh Industrial and Technical Assistance Centre (BITAC) 
Post: Junior Engineer (Mechanical) 
Time-3:00PM to 4:00PM 
Date: 08.01.2021 
Exam Hall: BUET 


Departmental 
1. At which condition masses attached to a shaft on different planes can be completely 


balanced? 
Answer: In order to have a complete balance of the several revolving masses in different 
planes, the following two conditions must be satisfied: 
1. The forces in the reference plane must balance, i.e. the resultant force must be zero. 
2. The couples about the reference plane must balance, i.e. the resultant couple must be 
zero. 
— ve<-——_R.P. ——>+ ve 


© 


on - 
HM 


<—————— |, ——_—_—__—_» 


(a) Position of Planes of masses (b) Angular position of the masses 


2. A closed vessel contains 2 kg of carbon dioxide at temperature 20°C and pressure 
0.7 bar. Heat is supplied to the vessel till the gas acquires a pressure of 1.4 bar and ° 
temperature of 313 °C. Calculate the work done on or by the gas and change in 
internal energy. Take specific heat of the gas at constant volume as 0.657 kJ/kg K. 

Solution: 

Work done: Since there is no volume change, work done on or by the gas is zero. 

(i.e. Wi-2 = pxdV = 0) (Answer) 

Change in internal energy: 

Change in internal energy = Heat added — workdone 

Heat added during constant volume process is given by: Dar ® 

Q=m Cy (T2-T}) = 2 x 0.657 x (586 —293) = 385 KJ = ie 

.. Change in internal energy = 385 —0 = 385KJ (Answer) 
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3. As in Fig., a hole is to be punched out of a plate having a shearing strength of 40 ksi. 
The compressive stress in the punch is limited to 50 ksi. Compute the maximum 
thickness of plate in which a hole 2.5 inches in diameter can be punched. 


Solution: 

Based on puncher strength 
P= oA 

= 50x= x 1 X 2.52 


= 78.1251 kips 
This is the equivalent shear force of the plate. 
“. V=P 
Based on shear strength of plate, 
V=tA 
=>78.12571 = 40 X 1X2.5t 
=> t= 0.751 inch (Answer) 


4 


4. Show the water level of tube B & C compare to tube A? Also mention the cause. 


A B 


C 
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Solution: 


Cause: 

Tube B: In the inlet of tube B due to the stagnation point, velocity will be zero, so the 
pressure will be high and consequently the water height will be high in this tube. 

Tube C: Here, area is less than the point A and so, the velocity will be high and pressure will 
be less, consequently the water height will be lower in this tube. 


5. Ina psychometric chart show different lines intersect at a point. 


i. Dry bulb, ii. Wet bulb, iii. Specific enthalpy, iv. Moisture content v. Specific 


volume, vi. Relative humidity 9 


Dew Point 


Specific Humidity.q——>- 
Water Vapour Pressure, py =f(@) ——> 


Dry-Bulb Temperature, t ———> 
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6. Draw the typical performance curve of centrifugal pump showing the duty point 


and operating point. 
Answer: Here, Point A is the operating point (where systeni curve and head curve meets; 
system curve is a function of elevation or static head including major and minor losses). 


Point B is the design point (consider.at best efficiency point). 


Head (H) 


Eficiency in) 


———} Efficiancy (n) - 


———» Power (P) 
———» Head (H) 


system curve 


> Discharge (Q) 


7. Write down the equation of free damping and the relation between S and C. 


| 


+x 
System Free-body diagram 
(a) (b) 
Solution: / i; The roots and solutions are 
Equation of motion: ; ~—C + VC2 — 4mk 
mxX + cx + kx =0 (Answer) Lory = Oe 
ae 


Solution in the form: ee ‘ : 7 . 
X(t)=C e™ \ eto ie —) — (Answer) 


Where C and s are undetermined constants 
The characteristic equation is 
ms*+cs+k=0 
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8. AB= BC. BD horizontal. Express reaction at A using P and 9. 


Solution: ' 
7 P 
pe 
ay Cc » 
1 : 4 aL L, 
as BR wt 
On ) 
re Ax 
Ay ' 
TY F, =0 ~YF, =0 
= Ay-P=0 => A, —B, =0 
=A, =P = A, = B, 
Moment at A, 


= —B,x AB cos@ +Px AC sin@ = 0 


Px ACsin6 _ Px(AB+BC) sin® Px2 xABx sin®@ 
=> B = TO CL n vA = 
x AB cos@ AB cos@ AB cos@ 2Ptan8 [~AB=AC] 


Ay = By = 2Ptan@ 
:. Reaction at A, A = Ay +A,’ = ./P? + (2Ptan0)? = Pv1 + 4tan26 (Answer) 


Non-departmental 
1. Carte Ha Saya Verine icaa ara fo? 
Soo +. Bef 7, GPT I. SCAT ATCT 
Gas y 
2. A train, 150m long, passes a pole in 15 seconds and another train of the same length 
travelling in the opposite direction in 12 seconds. The speed of the second train is 
a) 45 km/hr -b) 48 km/hr c) 52 km/hr d) 54 km/hr 
Answer: d) 54 km/hr 
» Explanation: 
speed of the first train =150/15 =10 m/s; time taken by trains to cross each other=12sec. and 
Relative speed of two trains =(150+150)/12= 25 m/s 
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“Speed of the second train =(25—10)x185= 54 km/hr. 

3. Length of Padma bridge: 6.15km 

4. 9899 FIT ISA 2 4s SUS TH AReT?- CHS AT CP 

5. ARAN AS AAS SO cell CO fSrwrer - 58 fF 

6. Tae GIB SIA ToS? - NE CTSA ars APT STANT at 
7. “OITA Heat Beet” STA rele - “rately Fat 

8. 2odd-20 BIAS ATCT FAG Agha fel- ¢ WHS 8 OIA 

9 


. There are 3 green, 4 orange and 5 white color bulbs in a bag. If a bulb is picked at 


random, what is probability of having either a green or a white bulb?- — - — = “ 


10. On reducing the entry fee by 35% in a park , the number of people coming to the park 
increased by 40%, then the percent increase or decrease in the income from the entry fee 
is- 9% decrease 

11. In a class, there are 15 boys and 10 girls. Three students are selected at random. The 
probability that 1 girl and 2 boys are selected, is: 

a) 21/46 b) 1/5 sc) 3/25. dd) 1/50 

Answer: a) 21/46 

12. Asian Development Bank (ADB) member countries- 68 

13. CHAR ea qa? 

P) LRT 2) PTSI t) VST Y) PAST 
14. “8” Co GR CIA AF TR? FL 
[arf erpecet FRAe Sat HVS Tal] 


RPCL-NORINCO Intl. Power Limited (RNPL) : 
Date: 22.01.2021 
Total Marks: 100, Time: 2 hrs 
Venue: Nawab Habibullah Model School & College Uttara 
[fey ory RAR Sat HSI Vals | Crafies aes Corts fet AT COMA | Ded race Aes | Als avHA ATA 9-8 TREAT 
WW | | 


1. Indulge synonym: cater (to), gratify, humor 

2. Writer of the book “wings of fire” - Dr. A. P. J. Abdul Kalam 

3. TAC ATBCT RPT OPI CHAP- TAC AA CTS TT Wey Gear Sle apis afseseaa acy 
CHICA AAMAS VT | A PACT CATA ABCA EP A | 

BAF Bet BH AT?- TIA TTT 

Fac} SOT SS HIT AHPTS VAP yvQ2 ANC 

9. National children's day of Bangladesh- 17" March. 

10. Power generation target of Bangladesh Government by 2041? — 60,000MW 


DA Dw 
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8. Ifthe price ofa book is first decreased by 25% and then increased by 20%, then the net 
charges in the price will be : 10% decrease 

9. Area of a square 144 sq.ft. Find the width of a rectangle whose length is 9ft and area half 
of the square?- 8ft 

10. A person invested 45000 taka by each share 60 taka and invested 30000 taka by each 
share 30 taka. What is the average price of share? 

11. If six people all shake hands with each other, how many handshakes were made in total?- 
15 

12. Half the people on a bus get off at each stop after the first, and no one gets on after the 
first stop. If only one person gets off at stop number 7, how many people got on at the 
first stop? — 64 

13. A computer cannot "boot" if it does not have the 

A) Compiler B) Loader 
C) Operating system D) Assembler 

Answer: C) Operating system 

14. BD cricket team won the first ODI Series Against which country?- Zimbabwe 

15, tale Saw aPom orieers cory ot BESS UMS TT Seae- TAT | 

16. East London is situated at_. Answer: South Africa 

17. Antonym of “Solidarity"- disagreement, antagonism, discord, divorce, separation. 

18. “atten ~icara afte fecoT CHTATG 2- GT EST 

19. When Karnaphuli Hydroelectric Power Plant was started its electricity Beneranan!: 1962 

20. Sour Tat St AGS CATIA GAS VACHA?- 2 GAT 

99. farys aaceca aifey Ht orate. Serra 

22. Wall : Mason:: _? - Chef : Cook 

23. age SS oF Aca STII RASAICAT CHT OSH GSGS Dat AACH?- 14s] OVS 

24. ARNE Tal ACTS SACS coreg wage 2 - efarqa 

25. The construction of Lalbag fort was started in 1678 AD by- Mughal Subahdar 
Muhammad Azam Shah 

12. Draw the schematic of combined cycle power plant. 
Answer: 


Exhaust 


13. 


14. 


15. 


16. 


17. 
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Calculate the refrigeration tonnage for 3000kg ice from 0°C to 30°C. 
Solution: Here, m = 3000kg; AO = (30° — 0°)= 30K 
We cet. amount of heat = mL. 4 mae, 3000x3335 , 3000x4.2%30 

© get ~~ 24x60 24x60 24x60 24x60 


a 957. 
= 957.29Kj/min = 


710 ton = 4.55 ton 


-. Refrigeration tonnage = 4.55 (Ans.) 


Draw T-S diagram of Rankine cycle mentioning all processes and corresponding 
equipment. 
Solution: 


The T-S Diagram of Rankine cycle is shown below: j 
T You 


1-2 Isentropic compression in a pump 
2-3 Constant pressure heat addition in a boiler 
3-4 Isentropic expansion in a turbine 
4-1 Constant pressure heat rejection in a condenser 
Write the two basic differences between the diesel engine and petrol engine. 

1. In petrol engine fuel and air both are compressed with a spark while in diesel engine 

only air is compressed, and fuel is injected in compressed air through the injector. 

2. Petrol engine works on Otto cycle and diesel engine works on diesel cycle. 
What is deaeration? Why it is done and where? 
Answer: Deaeration is the removal of dissolved or entrained gases from water to be used as 
boiler feed or for other processes. The gases of concern to steam plant operators are usually 
oxygen and carbon dioxide which are present in water due to natural cases. 
Why it is done: 
Oxygen and carbon dioxide present in untreated water cause corrosion of the usual boiler and 
steam plant materials. The rate of the corrosive action is proportional to the amount of the 
gas present in the feedwater and is accelerated by high temperature. . 
There are five major problems directly associated with water quality that will effect boiler 
performance. These are Scale formation, Corrosion, Fouling, Foaming and Embrillement. 
What is knocking? What is the problem from it? 
Detonation/ knocking: The rapid auto-ignition of a portion of a fuel causes a pressure wave 
of high intensity to be set up in the cylinder of an I.C. engine. This pressure wave of high 


18. 


19. 


20. 


12. 


21. 


22. 
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intensity propagates rapidly through the gas gives a violet blow to the walls of the cylinder, 
to the combustion chamber and to the piston. A loud pulsating noise known as knocking is 
produced which gives violent vibration to the engine. The term detonation is used to indicate 
precede of gas vibration and term knock is used to include all phenomenon that arise from 
auto-ignition. The knock in S.I. engines is characterized by sudden auto-ignition of the 
charge farthest away from the spark plug while in case of C.I. engines it is characterized by 
the sudden auto-ignition of the mixture at the very beginning of the combustion process. 
What is heat treatment? Why it is done? 
Heat treatment: The process of heat treatment is carried out first by heating the metal and 
then cooling it in the caustic soda solution, brine, water, oil or air. 
The purpose of heat treatment is to soften the metal, to change the grain size, to modify the 
structure of the material and to relieve the stresses set up in the material after hot or cold 
working. 
Define “ton of refrigeration”. 
Answer: Ton of refrigeration/TR: A ton of refrigeration is defined as the amount of 
refrigeration effect produced by the uniform melting of one ton (1000kg) of ice from and at 0 
degree centigrade in 24 hours. 
1TR=210 kJ/min =3.5 kW 
What are the components of Coal fired power plant? 
Answer: Main parts of the plant are 
1. Coal conveyor 2. Stoker 3. Pulverizer 4. Boiler 5. Coal ash 6. Air preheater 
7. Electrostatic precipitator 8. Smoke stack 9. Turbine 10. Condenser 11.Transformers 12. 
Cooling towers 13. Generator 14. High - voltage power lines 
A shaft is transmitted 50 hp, speed of the shaft is 400 rpm. What is the torque? 
Solution: Given that, P= 50 hp = 37.285 KW N=400 rpm 

_2mN 2m x 400 


= eG BO 41.88 rad/sec 
We get, P=Txw : ; 
P 
= T=- 
a) 
_ 37.285 
~ 41.88 


“. T = 0.89 KN.m (Ans.) 
Full form of: ASHRAE- American Society of Heating, Refrigerating and Air- 
Conditioning Engineers 
ASTM- American Society for Testing and Materials 
EEC- Electronic engine control 
ECM- Electronic Control module 
Write while the petrol engine or diesel engine is used in the following vehicles: 


Name of the Vehicles Petrol or Diesel Engine 
Buses, Trucks Answer: Diesel Engine 
(Heavy Duty, High speed) 

Scooters, Motorcycles, Cars Petrol Engine 


(Light Duty, High speed) 
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Aero plane, Aircraft Petrol Engine 
(High speed) 
Ships, Marine vehicles Diesel Engine 


23. Carnot engine receives 500 KJ of heat from a high temperature source (625°C) and 
rejects heat to a low temperature sink (30°C). What will be the efficiency of Carnot 
heat engine? 

Solution: Given that, T; = 625°C = 625+273=898 K & T>= 30°C = 30+273= 303 K. 


We get, 7 = = a = ——_= = 0.6626 = 66.26 % (Answer) 


24. Water is heated from 35°C to 75°C by oil in a counter flow double pipe heat Sense 
The oil enters the heat ex changer at 111°C and leave at 75°C. Calculate LMTD in this 
situation. 

Solution: 


Ss Vera) 


Here, Tcin= 35°C and Tcout = 75°C, Thin= 111°C and Tht 15°C. 
AT, = Thin — Tcout = 111 — 75 = 36 and AT> = Thout — Tein = 75 — 35 = 40 
AT, — AT, 


“ LMTD = 37.97 = 38 °C or 38 K (Ans.) 
25. Two gears A and B mesh with each other. The speed of gear A is 795rpm. Number of 
teeth of the two gears A and B are respectively 50 and 20. Find speed of gear B. 


Solution: 
Given, Na = 795 rpm, Ta = 50; Tp = 20; Ng = 
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Np _ Ta 

We get, Na Tp 
«Ng = =x 795 = 1987.5 rpm (Ans. ) 

26. Write the name of 5 systems of an engine. 

Answer: 
1. Air intake systems 
2. Exhaust systems 
3. Cooling systems 
4. Lubrication systems 
5. Fuel systems 

27. What are the successes of present government in power sector in last 10 years? 
The performance of Bangladesh’s power sector in the last ten years has been impressive due 
to the progressive efforts of policymakers, support from developing partners, and effective 
project implementation by public and private developers. Present installed capacity of power 
generation is 21,239MW. Including Captive Power & Off Grid Renewable Energy Total 
Installed Capacity (21,239+2,800+382) =24,421 MW. Bangladesh government has increased 
its number of pawer plant at 141 from the only 27 power plants in the year 2009. It has been 
increased 12494 ckt km transmission line from the 8000ckt km transmission line in the year 
2009. Per capita electricity generation is increased at 512K W-hr in the 2019-2020 fiscal 
years. Almost 100% of the population is under the privileges of electricity all over the 
country. 
The government has taken steps for generating mix energy including renewable energy, 
nuclear energy as well as coal, gas, HFO based power plant. The government has a target for 
the generation 10% of its total energy from the renewable power source with in 2021. There 
are several large power plants are under construction like- Rooppur nuclear power plant with 
two units each of 1200MW, Rampal coal power plant, Matarbari coal power plant each of 
1200MWand the Payra, the largest coal based power plant of Bangladesh already js in 
service. The distribution system loss decreased into single digit by the planning of 
Bangladesh Government. 


28. Write 6 points on covid-19 prevention. 

/ Wear mask when go at outside. 

/ Avoid the mass gathering 

/ staying home when sick; 

/ covering mouth and nose with flexed elbow or tissue when coughing or sneezing. Dispose 
of used tissue immediately; 

¥ washing hands often with soap and water; and 

¢ cleaning frequently touched surfaces and objects. 

18. BTSTT Hay ET FRUITS OFY | 

tet Garces Oat GET AEM ECS VOT MCAS Aafow 1 GS CHT ela aicta GT ECFA GFT, 
ASPCHA HM, ASTHA HM | GR GCF THY FAR ABP AT HSA AT do St Fart 4B 1 4h FAH 
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FOF GAG BIR SdeQ AT 29et CHAS Sret arewa WS eat ACH Fie VICR AVIA O’AT, TIPS ST 
BCAA | AMS AT, SICMPT ee aforers Sls ak ort) Lecia Say i Ble APT 
GT OCR NS, NSF, ASPABCHA | GA 4S AAT MECHA OSA CATH GOAT | MPO VAST PAC 
BS GACH AGS TAT AFSTA | 

SRO CY AAI AT, CRPRAT TOTS are fry cece Cry fry AAS SET GoTCUPA FT News ICA Fat VT 
SIT, ANROT aR PSSST H SMTA AST AR GWA | Siew Aca Esse GR CHF | 


Bangladesh Hi-Tech Park Authority 
Post: Assistant Engineer(Mechanical) 
Date:06.02.2020 
Exam Hall: MIST 
{Marks Distribution: Departmental-40 Non Departmental-45] 
Departmental-40 
1. In a steam power plant, inlet and exit enthalpy of a turbine is 2884kj/kg and 
1881kj/kg respectively. Inlet and exit enthalpy of pump is 121kj/kg and 124kj/kg 
respectively. Draw the corresponding T-S diagram and net work done per kg and 
specific steam consumption in kg/kw.hr. 
Solution: 


2884kj/kg 
3 


boiler 


Temperature 


condenser 


Entropy” 
Net work done = W, — W, = (hz — hy) — (hz — hy) 
= (2884 — 1881) — (124 — 121) = 1000kj/kg 
3600 
Specific st SS 
aig s es consumption, ssc Saeaonaane 
= = —— = 3.6kg/kw.hr (Answer) 


Wnet 1000 
2. Two parallel plates lcm apart and filled up with air. The emissivity of them are same 
and its equal to one. Thermal conductivity of air is .0293w/m°C. Find the heat transfer 
rate per unit area. 
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Solution: 


300K 200K 


€,B€2=4 | | 
icm 


3 a(T,* —T>*) 5.67 x 10783004 — 2004 
Heat transfer by radiation, © = Ota 2 Dee ed) 


ree | ~ 5 
q + & -1 T + ; ek 1 
= 368.55W/m2 : 
_ Q AT 
Heat transfer by conduction, © = K—- = 293W/m? 


Total heat transfer per unit area = 368.55 + 293 = 661.55W/m? (Answer) 

3. A cylindrical vessel having 40mm internal diameter and the thickness of the vessel is 
5mm. If the allowable stress is 30MPa. Determine the maximum internal pressure of 
the vessel. : 


Solution: 


PD 30x10°x2x5x1073 , 
Oc =>, OF, P= FET EL = 7.5MPa (Answer) 


4. A centrifugal pump is required to pump water to an open water tank situated 4 km 
away from the location of the pump through a pipe of diameter 0.2 m having Darcy's 
friction factor of 0.01. The average speed of water’in the pipe is 2 m/s. If it is to 
maintain a constant head of 5 m in the tank, neglecting other minor losses, what is.the 
absolute discharge pressure at the pump exit? 

Solution: 


Let, P, be the pressure at the exit of pump. 
Applying Bernouli’s equation between exit of pump and the tank, 


vi v3 
en ee 
pe | 26 pe 28 
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v3 2 
— P2 flv 
i bby Pay et 

41 Te 2g) "2" Zed 


Here, oe = v2 = v = 2m/s, |= 4000m, d= 0.2m, f=0.01, P) = 1 x 10°N/m? 


We have, 
Pag ae)... 1x10" 2? +54 0.01x4000x2? 
1000x981 2x9.81 _ 1000x9.81 | 2x9.81 0.2x2x9.81 


ae = 5.503 x 105 N/m? 

“ P, = 5.503 bar (Answer) 
5. In a counter flow heat exchanger hot fluid enters at 60°C and cold fluid leaves at 
30°C. Mass-flow rate of hot fluid is 1kg/s and cold fluid is 2kg/s. Specific heat for hot 
and cold fluid are 10kj/kg° C and 5kj/kg°C respectively. Determine LMTD. 
Solution: 


Th 
AT,=30 
T,5 
Tez e 
AT=30 
T 
Tos 


L 
[mc(Ty1 — Th2)] = [mc(Ty2 — Te1)] 
or,1 X 10 x (60 — Ty2) = 2x5 x B0-Ty,) 
“(Tha — Ter) = 30 °C 
AT, = 60 — 30 = 30 and AT, = 30 
Since temperature difference on both side is same so, LMTD = 30°C or, 30K (Answer) 


6. Find the forces at point A. 
400N 
. Qe 


1 

\ 

' 

4m 
| 

| 

1 

| 

| 


600N 
NET 4 


Ay 
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YM, = 0or,400x3 =C, x4 «Cy, = 300N 
YF, = 0 or,A, — C, + 600 = 0 or, A, = —600 + 300 = —300N = 300N ¢ 
YF, = 0 or, Ay — 400 = 0 or Ay = 400N 


A= la.? + Ay? = SOON and 6 = 53.13° (Answer) 


7. The brake power of an IC engine is 10K W and angular velocity is 400rad/s. 
Determine the required torque. 


Solution: P= Tw -.T= = = — = 25Nm (Answer) 
8. Write short note on-a) Reynolds number b) COP 


Non departmental 
1. Find the mean deviation from the observations 5,8,9,11,12,14,15,15 
2. Permutation of "REMAINS", keep vowel in odd positions- 
3. What is the official name of aghortala shorojonto mamla- state of Pakistan vs. sheikh 
mujibur rahman and others. 
4. When declared Kazi Nazrul Islam is a national poet- 
Couldn’t collect others questions 


Bangladesh Rural Electrification Board (BREB) 
Post: Assistant Engineer (Mechanical) 
Time-10.00AM to 11AM 
Date: 19.02.2021 
(MCQ Exam) 
Marks: 50 Time: Olhour 


1. The maximum force required to slide a body of weight Won a rough horizontal plane 
is 

a. W sin 0 b. W cos 8 c. W tan 8 d. none of these 

ae} maximum Bea AACR, LACK maximum Wa wWecws Alea fe! 

What is the per capita energy generation of Bangladesh-512KW 

Which alternator has more number of poles- a) wind b) hydro c) steam d) gas 

Resistance of an ideal ammeter is — zero 

Who do you give the money _?a.for b.by c. with d. to 

How many power distribution utilities in Bangladesh— 6 

Which of the following property is desirable for materials used in tools and 

machines? 

a. Elasticity b. Plasticity c.  Ductility d. Malleability 

8. Theoretical air fuel ratio of petrol engine — 15:1 

9. Petrol engine works on which cycle- Otto 


Pe eee 
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10. 
Lad: 
12. 


13. 
14. 
15. 
16. 
17. 
18. 


19, 
20. 
21. 
22. 
23. 
24. 


20: 
26. 
27. 
28. 
29: 
30. 
31. 
32: 
33. 


34, 
Le 


36. 


aT 


Diesel engine compression ratio-15 to 25 

If the clearance volume increases then the compression ratio will — decrease 
In a centrifugal pump, regulatory valve located in which section- 
a) suction pipe b) delivery pipe c) Casing d) impeller 

For low discharge and high heads which pump is used- reciprocating 
Velocity ratio of 3"! system of pulley is- 2"-1 

Which one is more ductile- a. mild steel b. Aluminum c. copper d. Nickel 
2™ law of thermodynamics defines- entropy 

The variation of volume with the variation of pressure is — compressibility 
The entropy may be expressed as a function of 
a. pressure b. temperature 
c. pressure and temperature d. none 
Deformation per unit length is — strain 

Unit of strain — no unit 
Joule is a unit of—a. Work b.Energy c.Power  d. Torque 

Length of Padma bridge — 6.15km 

The feminine of ‘drone’ — bee | 
The mercury does not wet the glass. This is due to the properly of the liquid known 
asa. Cohesion b.Adhesion  c. Viscosity _d. Surface tension 
Reynolds number is the ratio of inertia force to — viscous force 

Actual power generated in the engine cylinder of an IC engine - BHP 
Which one is not correet?- A+A' =1 

“Candela” is a unit of — luminous intensity 

One kg of carbon produces _ kg of carbon dioxide- a. 3/7 b.7/3 ¢. 11/3 d. 3/11: 
One ton of refrigeration = 12000BTU/bhr . 

The universal gateis sa. AND gate _b. OR gate c. Both d. None 
Which is water tube boiler- Babcock and Wilcox boiler 

Bernoulli's equation is applied to 

a. Venturimeter b. Orifice meter c.Pitottube  d. All of these 

The brass and bronze are welded by__ flame. 

a. neutral b. oxidizing c. carburizing d. all of these 

The taper on the lathe spindle is 

a.linlO b.lin15 e¢.1in20~ d.1in30 

How many economic zone will be by 2030- 100 
. What is the value of I (amp) in the ckt? (a) Oamp (b) lamp (c) 0.lamp (d) none 
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38. Which device can restrict broadcast traffic- router 

39. If an atom loses electron, it is called-positive ion 

40. Short cut command for cut- ctrl. +X 

41. Heat is rejected by refrigerator in- condenser. 

42. afta made aa- gages 

43, WSS SA WISH 

44, cafe aface sft art, cf age aay iG Tet Sart UTS | CST SeTy Gorey GI AGE Al Qeals ASlAAT?- 
gfe 

45. Wy AAAS MAHATMA TAMPI- 2ON¥-2oXo 

AG, ARETHTA TRAIT CHT ACERT Matt FUTORICAA FA SPM AACR-Sv 

47, TRAN FABIA AA TSA SIPS - CHAT TT (AGH Teracay BCA) 

48. SCAT HS ACY IB- GOT 

49, He TAHT CHT STA IT 

50. fefetrr arene fear- 92 for 


Bangladesh Rural Electrification Board (BREB) 
Post: Assistant Manager (Mechanical) 
Exam Venue: Training Academy Building, BREB, Nikunjo, Dhaka. 
Date: 20.02.2021 
Total Marks: 50 


Departmental (5x5=25) 


1. Draw the stress-strain curve of mild steel under tensile test. 
eG 
A- Proportional limit 
B- Elastic limit 
C- Upper yield point 
D- lower yield point 
E- Ultimate stress/strength 
F- Breaking stress/strength 
G- Actual Rupture Strength 


0 —— Strain — 
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2. Draw the P-V and T-S diagram of Carnot cycle. 


Ti=Th 1 2 


Pressure —»> 
Temperature ——> 


UV} VY 
Volume —> Entropy ——> 


(a) p-v diagram (b) T-S diagram 
3. Write down five advantages of supercharging. 

e Higher power output 

e Greater induction of charge mass 

e Better mixing of fuel and air 

e Complete and smooth combustion 

e Reduced exhaust smoke 

e Increased mechanical efficiency 

4. Write down five important properties of metals. 

i) Strength: It is the ability of a material to resist deformation under the action of tensile, 
compressive or shear force. The strength of a component is usually based on the 
maximum load that can be borne before failure is apparent. The most common measure 
of strength is the yield strength. 
ii) Hardness: It is the ability of a material to offer resistance to penetration or 
indentation. It is also the ability to resist wear, abrasion, scratch or cutting. 
iii) Brittleness: It is that property by virtue of which a material breaks easily under action 
of shock loads without appreciable amount. It indicates the lack of ductility. For example 
glass, ceramics and cast iron are brittle materials. 

iv) Ductility: It is a measure of the amount of deformation of a material can withstand 
before breaking. It is also the ability of a material by which it can be drawn into wires. 
v) Elasticity: It is the property of a material to regain its original shape after the removal 
of load. When a material is subjected to an external load of such magnitude that 
deformation continues only with increase in load, and on removing the load it regains its 
original shape, then the material is said to have elasticity. 
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5. Determine the current I of the following circuit. 


52 | 15V 


102 102 SV 


Solution: 


RiR2 _ 10x10 = 
R,+R,  10+10 


R, and R; is in parallel, so Ry = 


Now, Ry and Rais in series. 
R5=5+5=10 2 
Net Voltage, V= 15-—5=10V 
Vv _ 10 
[= iar 1A (Answer) 
Non-Departmental 

SRA 
>. TF PUT AHP Fay Afod UIS- HBS 
2. “HAT SIMA ACS APH ASCH CHGMA” Cra ADAMS THe - GET NPBA TOYA 
©, Wed ICs TIF SATE ,QoQ0-Sy BGT, 2025 
8, SPD Fa ARAN RETTS a Piet CH? - ST OPT 
@, FEM AHA TET RTH FS AeHI?- ATG 

, English 

1. What is the plural form of “Ox”? - Oxen 
2. Translation: (rat ACS AS al AV - The thief was caught red handed. 
3. Voice: He had killed the snake. 
4. Correction: The students have gone to see the Himalay. 
Correct form: The students have gone to see the Himalayas. 
5. Interrogative sentence 


Job Solution 
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Math 
1. a‘ + a*b? + b* = a? + ab + b? = 3 ema? + b? ca aT Eee 
BR-Power Generation Company Limited 
Post: Assistant Engineer(Mechanical) 
Date:29.01.2021 
Exam Hall: MIST 
[Marks Distribution: Departmental-40 Non Departmental-60] 

Departmental-40 
1. Draw the schematic diagram and T-S diagram of combined cycle power plant. 
Answer: Already discussed in several job solutions. 
2. Heat is transferred to a heat engine from a furnace at a rate of 80 MW. If the rate of 
waste heat rejection to a nearby river is 50 MW, determine the net power output and 
the thermal efficiency for this heat engine. 


Solution: power output, P = 80 — 50 = 30MW and n = — = 37.5% (Answer) 


3. The cross-sections of two solid bars made of the same material are shown in the 
figure. The square cross-section has flexural (bending) rigidity I,, while the circular 
cross-section has flexural rigidity I,. Both sections have the same cross-sectional area. 
What are the flexural rigidity and the ratio of the flextural rigidity? 

Solution: Let the side of square cross-section = a and diameter of the circular cross section d. 
Flexural rigidity = EI. 

Here, a? = ~d? 


4 
For Square section, El,= EXS 


; ; md* 
For circular section, El, = E x a 


[Since, the material is same, so E, = E, = E] 


af 2 
ede ae 2 SA aes 
“xd gt) ak m2 3 (answer) 
64 4 4x 
4. If x is the distance measured from the leading edge of a flat plate, then show that 
laminar boundary layer thickness varies with x'”. 


; 5 5 5V 
Solution: For laminar flow, d= =. cVx 


5. A car engine with a power output of 65hp has a thermal efficiency of 24 percent. 
Determine the fuel consumption rate of this car if the fuel has a heating value of 44,000 
kJ/kg . 


‘ 65X746 65X746 
Solution: n = =——— 


PB, = 202.04166 KJ/s 


Input power 0.24 
; 202.04166 
Fuel consumption = —y4000 > 4.59 x 10-3kg/s = 16.53kg/hr 


6. A centrifugal pump is required to pump water to an open water tank situated 4km 
away from the location of the pump through a pipe of diameter 0.2m, having Darcy’s 
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friction factor 0.01. The average speed of water in the pipe is 2m/s. If it is maintained a 
constant head of 5m in the tank, neglecting other minor losses, find the absolute 
' pressure at the pump exit. 
Solution: [see BR-powergen-2019 question] 
7. List the gases which are emitted from an automobile engine and effects on human 
health and environment. 
Sulphur Oxides (SO,): It causes respiratory illness, but occurs only in very low 
concentrations in exhaust gases. Further oxidation of SO, forms H2SO, and thus acid rains. 
Nitrogen Oxides (NO,): Nitrogen oxides contribute to the formation of ground level Ozone 
and acid rain. 
Hydrocarbons and Volatile Organic Compounds (HC and VOC): Hydrocarbons result 
from the incomplete combustion of fuels. Their subsequent reaction with the sunlight causes 
smog and ground level Ozone formation. VOCs are a special group of Hydrocarbons. They 
are divided into 2 types methane and non methane. Prolonged exposure to some of these 
compounds (like Benzene, Toluene and Xylene) may also cause Leukemia. 
Carbon Dioxide (CO 2): It is an indicator of complete combustion of the fuel. Although it 
does not directly affect our health, it is a greenhouse gas which causes global warming. 
Carbon Monoxide (CO): It is a product of the incomplete burning of fuel and is formed 
when Carbon is partially oxidized. CO is an odorless, colorless gas, but is toxic in nature. It 
reaches the blood stream to form Carboxyhemoglobin, which reduces the flow of Oxygen in 
blood. 
Lead (Pb): It is a malleable heavy metal. Lead present in the fuel helps in preventing engine 
knock. Lead causes harm to the nervous and reproductive systems. It is a neurotoxin which 
accumulates in the soft tissues and bones. 
Particulate Matter (PM): These. are tiny solid or liquid particles suspended in gas (soot or 
smoke). Particulate Matter in higher concentrations may lead to heart diseases and lung 
cancer. 
8. A vibratory system consists of a mass 12.5 kg, a spring of stiffness 1000 / N m, and 
a dash-pot with damping coefficient of 15 /Ns m. Find the value of critical damping of 
the system. 
Solution: Given, m=12.5Kg, K=1000N/m, c=15Ns/m. 
We get, critical damping, c, = 2Vmk = 2 ¥1000 x 12.5 = 223.6Ns/m (Answer) 
Non departmental-60 
1. Widen IIA wees what ars fs — State vs. Sheikh Mujibur Rahman and others 
x. 94 GS, 9H99 AA TIE Hef FB BGS WIA HABICAAT “TAA ART IIe BANAT AMeATMCHAea CHINAS 
one . 
3. Passive form of ‘who can touch the sky’ — By whom the sky can be touched? 
4. SCDA meaning- supervisory control and data acquisition/Source computer data 
application. 
5. When Bangladesh energy regulatory commission established- 2004 
6. First waste based power plant in Bangladesh — Jolkuri, narayanganj 
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7. 


a 


31. 


What is the mission and vision of BR-Power generation company limited 

Location of two submarine cable by BREB is- sondip(chattogram) and naria(shariatpur) 
At how many places transmission line from India entered Bangladesh- Tripura(India)- 
Cumilla(BD) 


. Half-life of U-235 is — 703.8 million years 

. How many layers in nuclear reactor- five layers 

» TNT: SOT PIAA , BITS store Ml AH AHI 

. Wits =H Baio Paratorets =137-8a, fax 

| ag ana wife Gorm TAS @ AAT YER GA S-WINS ACPOOMNAN, PTAA 

. faeqa a fey wary HS foa Senses WICKS OIA SAUCY Alal WLS GIs Aa" - SIA CTA A’ 


_ "SUNTSRS AN” CH CATA ABA AR a eefo farsa Cares. SST, CM ITETAIY 


ABS CH HPAV-BANPTST DIAN PNR ABT GCE AI- GAP BNA HNRA CAT 
TT ; SNA 9 DoT Gras cate-Ys IR oT Crest facet? 


. He passed himself------ as a rich & Novel fellow(fill in the gap) 

. TEOT BPAY STON JSAUAR WA (translation) 

. CATS ANG SAT AMSA AGT AAHAT V-odo 

. How much time required to take three tablets in the interval of half hour- 60 minutes 
. THAR SoMa Sraca PRCAA- Bow2lheay 

. What is zionism? 

. Balfour declaration- (The Balfour Declaration was a public statement issued by the 


British government in 1917 during the First World War announcing support for the 
establishment of a "national home for the Jewish people" in Palestine, then an Ottoman 
region with a small minority Jewish population) 


a 


. In which year New Capital of myanmar was declared?-2006 (naypyitaw) 

. who won the nobel peace prize along with nelson Mandela?-Federik William de klerk 
. who bowled highest number in Cricket- muralitharan 

. Who is the man of the series in Bangabandhu T20 cup?-mustafizur rahman 

. Name of the Rohingya mass killing operation-operation nagamin 

. Four people need to cross a rickety bridge at night. Unfortunately, they have only one 


torch and the bridge is too dangerous to cross without one. The bridge is only strong 
enough to support two people at a time. Not all people take the same time to cross the 
bridge. Times for each person: 1min, 2min, 7min and 10mins. What is the shortest time 
needed for all four of them to cross the bridge?-17mins. 

Seven airline flights -101,102,103,104,105,106,107 are to be scheduled for departure, one 
at a time on the hour, from 9am until 3pm. The schedule must conform to the following 
requirements: 

A. Flight 101 must depart at 9am. 
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32. 


33. 


4) 


. Flight 105 must depart later than flight 103 and also later than flight 102. 
. Flights 104,106 and 107 must depart on consecutive hours in that order. 


If flight 107 is scheduled to depart at noon, flight 105 must be scheduled to depart 
at:10am/11am/ipm/3pm. 

If flights 103 and 104 are scheduled to depart at 11am and 12 noon respectively, then 
flight 102must be scheduled to depart at: 9am/10am/1am/2am. 

Which of the following lists three flights in sequence from first to last in which they 
could be scheduled to depart consecutively? 
101,104,103/102,103,106/104,105, 106/106, 107,103 

If flight 106 is scheduled to depart at 2 pm, flight 105 must be scheduled to depart at- 
10am/11am/12pm/1pm 
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on a ee ee 


10. 


Bangladesh Power Development Board (BPDB) 
Post: Assistant Engineer(Mechanical) 
Time-03.00PM to 04.00PM 
Date:26.02.2021 
Exam Hall: BUET 
[Marks Distribution: Departmental-60 Non Departmental-40] 


Non departmental-40 
Bangla 
WSS AAA- Ay 
ag faery Tage Srat/aiea/qES 
PTS PH PT EPUI-PIST SRGT ST 
THAT OBI *FH-AhS 
wars fastate ~t7-facdty 
Ary @ Dies wrens andes cary CH fanaa ferat es HIATT ACT 
WHRSRO-T AWS Tat Ca Gers cary ASH - GET WTS 
seat waacd ates af Safb- v fF Cea ahh - afb) 


Mathematics 


. Find the nth term of the sequence :5,2,-1,-4,-7,...... Answer: 8-3n 


Y = 4x is the equation of a line which passes through, 
(a) y-axis (b) positive x-axis (c) origin (d) negative x-axis 


. When three dice are thrown simultaneously/randomly, thus number of event can be —216 


(6) 
The age of father 10 years ago was thrice the age of his son. Ten years hence, father's age 
will be twice that of his son. The ratio of their present ages is: 
ass aZ b.7:3 C/o 2 d.13:4 
Difference of two odd number square is divisible by- sum of them and subtraction of 
them 
If x and y are negative, then which of the following statements is/are always true ? x/y is 
positive 
142+3+.,..+49=? — 1225 
If a°**? =1 where a is positive real number other than 1. Then x=? a.-2 b.-1 c.0 
d. 1 
What least value should be given to X so that the number 6342X1 is divisible by 3? 
(a) 0 (b) 1 (c)2 (3 
If the two side of the rectangle is 8 & 6 cm, then what will be the diagonal? 10em 
General Knowledge 


. Bangabandhu safari park situated in - Sreepur 
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SO COON ONS 


— 
So 


DN ey Baa 


Who was the first commander of sector four- Chitto Ranjon Datta. 
Which country related with ‘water’- 

How many ODI won by Bangladesh so far-131 

EPZ started its operation from which year-1983 

Birth place of birsrestho hamidur rahman- Jinaidah 

What is the GDP growth in 2019-2020 fiscal year- 5.24% 

Father of www — Tim burners lee 

Length of Padma bridge-6.15km 


. Water density measuring device- Hydrometer 


English 
Correct spelling- miscellaneous 


Correct sentence- It is high time he started the work. 
He can’t put up with the noise in the class. 

‘High handed’ means- oppressive 

Teacher judges students by their results. 

Salt has been used for centuries as a method of preserving food. Here ‘preserving 
means’- Conserving 

Antonym of ‘overstrung’ — calm 

frases , | wouldn’t have one. 


9. Al Beruni ....fonds of... 
10. 


At last the beast in him got ....... upper hand. Answer: the 
Departmental 


1. (a) Draw a schematic diagram of a vapor absorption refrigeration system and labels 
all the components. . 

Answer: Same as BITAC-2016 ; 

(b) Draw P-V and T-S diagram of Rankine Cycle used in steam turbine. 


T 


(a) v (b) Ss 


Fig.: Ideal Rankine cycles of the (a) P-V and (b) T-S diagrams. Line 1-2-3-4-B-1 = saturated 


cycle. Line 1’-2’-3-4-B-1’ = superheated cycle. CP = Critical point 
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2. In an air standard cycle air enters into compressor at 1 bar and 20°C and leaves at 
3.5 bar. At 600°C enters into the turbine. Find (a) Heat added per kg. (b) Efficiency of 
the cycle. Take y=1.4 and C,=1.005KJ/kg.K. 


Combustion 
Fuel 


i Air 


Solution: Given, P}=P4=1 bar, P2=P3=3.5 bar, Tj=20+273=293K, T3=600+273=873K 


y-1 


Exhaust 
gasses 


P-y Diagram v Ts Diagram 


We get, 72 = (=) ¥ or,T, = 419.09K; 

1 
Heat added ue kg = C,(T3 — T2) = 456.17 Kj/ Kg (Answer) 
and n = 1 —— = 30.08% (Answer) 
3. a) In a belt arrangement two pulleys are connected by flat belts having same 
diameters. The maximum force on the tight side of belt is 600N. If co-efficient of macy 
is 0.3 then what is maximum force on the slack ae of the belts? 
Solution: Given, T, = 600N,6 = 1, p = 0.3, T, =? 
We get, a = eé 

T2 

=>, Tz = 233.8N (Answer) 
b) A 2.4m bar is placed between two rigid walls. The bar is stress free at 20°C. What 
will be the thermal stress at 30°C if co-efficient of thermal expansion is 1.2x10™ *m/m?C 
and E=200GPa? 
Solution: 64, =« EAT = 1.2 x 1075 x 200 x 10? x 10 = 24MPa 
4. A 2m long cantilever beam with point load at the end shown in figure. If maximum 
value of stress is 300MPa then what will be the minimum value of h? 


1000N 


am 
0.1m 


¢ _ 1000x2x2 


Solution: o = 300 x 106 = = = 2 or, h? = 4x 10" - h = 0.02m (Answer) 
x. 
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5. A turbine works under a head of 25m at 200rpm. The discharge through the turbine 
is 10m*/s. If the overall efficiency of the turbine is 91%, find the power generated by the 
turbine and the specific speed of the turbine. 

Solution: 

Power generated, P = nyQH = 0.91 x 9.81 x 10 x 25 = 2231.775KW (Answer) and 


NVP — 200V2231.775 
ae a 169.01rpm (Answer) 


6. Draw top and front view of the given object. 


specific speed, N, = 


Bangladesh Ordnance Factory (BOF) 
Post: Assistant Engineer(Mechanical) 
Date:06.03.2021 
[Marks Distribution: Departmental-60 Non Departmental-40] 


Departmental 
1. A projectile thrown from ground with an initial velocity of 240m/s fowards at 3650m 
horizontal distance and 610m above the ground. Determine angle of projection with the 


ground. 
Solution: 
_ gx" 
ys ate 2u2 cos2 6 
6i0= 9650 ens eg ape eje ae ere 
i a anv 2x 2402 cos? 6 a 2 DaOe 
_ gx 36507 " 
= 3650 tan 6 — — Tx 2407 + tan? 6) 


or, 1134.49 tan? 6 — 3650 tan 8 + 1744.49 = 0 - @ = 69.2° or 30.28° 

2. A liquid of specific gravity 0.9 and viscosity 20cp is flowing through an annulus 
formed of two concentric pipes at 10ft/s. The inner diameter of larger pipe is 2ft and the 
outer diameter of smaller pipe is 1.5ft. Find out Reynolds number. 
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Solution: 
Given, p = 0.9 x 1000 = 900kg/m? ,y = 20cp = 20 x 0.1,x 107? Pa.s = 0.02 Pa.s, 
Dy, = Dp — Dj = 2—1.5 = 0.5ft = 0.152m,u = 10 ft/s = 3.04m/s 


D 
Cee = 20793.6 


Re = 
3. What are the factors affecting cutting tool-efficiency. 

e Cutting speed 

e Physical properties of work piece 

e Ratio of feed to depth of cut 

e Shape and angles of tools 

e Effect of lubricants 

e Nature of cutting 

e Coating of cutting tools 


4. A boiler produces steam at the rate of 500kg/hr. The enthalpy of feed water is 
400kj/kg and enthalpy of steam is 2960kj/kg. Latent heat of fusion is 2256kj/kg. 
Determine the power of the boiler and evaporation factor. 


Solution: 
500 
Power, P = m,(h — hg) = 3600 xX (2960 — 400) = 355.55KW 
ea eae 
Factor of evaporation = 7256 = 1.134 


5. A refrigerator based on ideal vapour compression cycle operates between the 
temperature limits of —20°C and 40°C. The refrigerant enters the condenser as 
saturated vapour and leaves as saturated liquid. The enthalpy and entropy values for 
saturated liquid and vapour at these temperature are given in the table below: 


hy (KJ/Kg) h,(KJ/Kg) | —S;(KJ/Kg) S, (KI/Kg) 
(e205 =] 
ee: 


°C 
[| 20 | 180——is|_ 007s (0.7366 
ar 


If the refrigerant circulation rate is 0.025Kg/s, what is the refrigeration effect and COP 
of the refrigerator? 
Solution: 
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Sy = Sz = Sgo = Sri + X1(Sgi — Spi) or, 0.67 = 0.07 + x, x (0.7366 — 0.07) or, x, = 0.9 
hy = hg + xzhgg, = 20 + 0.9 x (180 — 20) = 164 kj/kg 
. Refrigeration effect = m Os. = mes = 0.025 (164 — 80) = 2.1KW (Answer) 


Refrigeration effect 2.1 
COP = —————— = ——————- = 2.33 (Answer 
Work input ae ra ee 0.025(200—164) ( ) 


6. Draw the stress strain curve for ductile steel and showing proportional limit, yield 
strength, ultimate strength, breaking strength, modulus of rigidity and resilience. 


Answer: 


Actual Rupture Strength ae 


— Ultimate Strength aaa 


—om™~ 


\ R - Rupture Strength adi 


Stress, o 


Ve Y — Yield Point 


E — Elastic Limit 


P — Proportional Limit 
U, Modulus of resilience 


0 Strain, ¢ 
7. A diesel engine cylinder has piston diameter of 10cm. If stroke length is 15cm and 
clearance length is 1.3cm then what is the compression ratio? 
Solution: Given, piston dia. d = 10cm, L = 15cm, clearance length = 1.3cm 


Tt . Tt 
V.= qo x L = 1178.097cm? and V, = 7 10° x 1.3 = 102.1cm3 
Vs + V, 
= 7 == 12.54 

; c 
8. A diesel engine has brake power of 7HP. It consumes 50m! of fuel in 2 minutes and 
specific gravity of fuel is 0.84. Determine brake specific fuel consumption in g/bhp.hr. 

0.84x1000x50x1076 
= >? = 126k /hr 


Compression ratio, r= 


Solution: fuel consumption per hour, m=pV= = 
; : 1.26 x 1000 
Brake specific fuel consumption, Bsfc = ge 180 g/bhp. hr 


9. Draw the SFD of the following beam. 
Answer: same as question-12 Ashuganj Power Station Company Ltd. (APSCL) 
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Ww 


WL 
WL/2 


10. Draw the top and front view. 


Top view 


front 


Front view 
Non departmental 
5. SRT 
MATA: BHR Way Hq 
BM SOFT OT 
STA Pie VARA Te cee se nom 
QR. GF PAT ASPB 
BS BTS PMS GCC 
Bel PTS AT CSTs SS Seal A- BATTS} 
©. Ae faces 
FAS AIA 
RAH SAT - 
8. STRAT ACHA CTS CH2- HATA Feats sig crac 
ACA ADT GATTO CNS C2, Shogat AeATANGTT 
©. THA Ast © ACS Wa AT GFA SER MT HT AIC GARI TH 
Mathematics 
>. citar afore wore soffit. creed sifecat wore effi. | 00 fei. fice feca OPTS IIT mY Fo?- 
8.0R0T 
2. IT PACHA CRAFT S00 SHR | At RA CANS 30% Fa CAT 4A Zand Aa PS? 29% Fer AC | 
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English 

1. Write short note on "Digital Bangladesh" 

2. Filling the gaps with appropriate word: 

I started__Chattogram. She has no ability__ painting. Every member of my family _here 
today. They as well ashe___ wrong. Time and tides __for none. 


General knowledge 

>. MAHA PTY ASA SCS B CHA NG COM? do WS, 9949 ING ACa 

2. BANAT AIGATTGIA CAS CH 8 HS OHA ASM Vr PHAR OTA YG Ia ALAA, 
ABPTS SH 2099 WTA 

‘9. TA AN etalon Are Hee TOE 900 44% HARPS OIA 
¢o 

8. GIMifia Sere SRT om GERTT 0 srdorern ufSaTa ara fae BITESTATA, TTA MICS 
€ HMOATTS FATA SHAT TAA CH HIATT TA GAT OT 8 SS SHAT THA OTH WTA 
ARUP, Ae CALPSAA, Pa Ne HIE Se OH ity IEA Ie 


Titas Gas Transmission and Distribution Company Limited (TGTDCL) 
Post: Assistant Engineer(Mechanical) 
Time-10.00AM to 11.00AM 
Date:05.03.2021 
Exam Hall: BUET 
[Marks Distribution: Departmental-80,Non Departmental-40] 


Non departniental-40 


>. WSs Saray OSes 
Q. Sal Fee Dra SEA- Era oa 
0. “FA Caicd AN AST, Wea Gia TR” Ces wavs 
8. CRA HAST ISS- ery ” 
C. TOIT et fats 4 SPAT 
&. eT At as CTA HTeG fe 
q, Bt Mets apietaa water fee 
Sb. Bld Fae eta CHT Sa OI Sat ARAMA 
General Knowledge 
1. Designation of Angela Merkel- chancellor 
When first gas field discovered — 1955 
‘Titas ekti nodir nam’ who is the director of this movie- Rittik Ghotok 
Which Olympic is cancelled due to corona — Tokyo 2020 (will begin 23 july, 2021) 
Steve paul jobs involves with which company ~ Apple 
First Bangladeshi received noble prize- D.M. Younus 
Which Asian country never be colonized — Thailand 


NAW AWD 
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8. ‘Simla agreement’ signed between which two countries- Pakistan and India 
9.” Which organization first recognized corona- 
10. Amsterdam stadium situated in-Netherlands 
English 
1. Correct spelling — denunciation 
2. He said, “I have done the work” —indirect speech- He said that he had done ‘he work, 
3. Antonym of crass- sensitive 
4, Preposition, article, fill the gap 


1. Ifng=3n+4 then summation of 12 terms-68 

2. If log,81=4 then x=3 

3. Ifasphere convert into cylinder volume will — remain unchanged 

4. A box contains 4 green balls, 3 red balls. If one ball is drawn then what is the 
possibility to become red? — 3/7 

1.14 is a percent of 1.9 is -60% 

Mean and standard deviation, interest, age, arithmetic series related math 


a 


Departmental 
1. A cylindrical pressure vessel is fabricated from ae that has a thickness of 20mm. 
I 


The diameter of pressure véssel is 450mm and its length is 2m. Determine maximum 
- internal pressure that can be oe stress is limited to 140MPa and 


circumferential stress is limited to Pa 


aa = 5.33MPa and o; = — or, P= 
450 


Maximum internal pressure=5.33MPa 
é Steel railroad reels 10 m long are laid with a clearance of 3 mm at a temperature of 
5°C. At what temperature will the rails just touch? What stress would be induced in 
the rails at that temperature if there were no initial clearance? Assume a = 11.7 . 
pm/(m-°C) and E = 200 GPa. 
Solution: 5; = aL(T;— 20) | 
=> 3=11.7x 10-® x 10000 x (T; — 15) 
“ Ty = 40.64°C (Answer) 
Oth = aEAT = 11.7 x 107° x 200 x 10% x (40.64 — 15) = 60MPa (Answer) 
3. Draw schematic and T-S diagram of most efficient power plant cycle used in 
Bangladesh. 
Answer: Same as Question-10 of Biman Bangladesh Airlines Ltd- 2018. 
4. A glass window whose size is 1.2m X 2mxX0.006m. Thermal conductivity is 0.78w/mk 
and inside and outside temperature is 24°C and—5°C respectively. Co-efficient of 
convection of inner air and outer air films are 10w/m’K and 25w/m’K. Find the heat 
flux and draw the radiation network. 


140x4x20 


Solution: 6, = ee or,P = = 24.88MPa 


\ 
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Solution: 2 = 37> = pooesa zt = 196.35W/m? 
K" hy’ ho 0.78 10. 25 
Z 1 
/ A xXIKA mA 
| ae | ay eee 


.5. Consider a river flowing toward a lake at an average velocity of 3 m/s at a rate of 500 

m/s at a location 90 m above the lake surface. Determine the total mechanical energy of 
the river water per unit mass and the power generation potential of the entire river at 
that location. 


River ———j 3 m/s 


r 


90 m 


Solution: 
Total sa energy, 


Cmech = — = +> ane gh =0+9.81 x 90 += — = 887.4 J/Kg=0. 8874K J/Kg (Answer) 


E = me = ’ Ve = = 1000 x 500 x 0.8874= 443.7108 = 443,7MW (Answer) 
r 


6. The pressure in a natural gas pipeline is measured by the manometer shown in Fig. 


/ below with one of the arms open to the atmosphere where the local atmospheric 


pressure is 98KPa. Determine the absolute pressure in the pipeline. SG of mercury is 
13.6 and SG of oil is 0.69. 


4 


Mercury 


Solution: We get, Pug = Patm + Pug + Pwater — Poi 
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Pug = 98000 + (13.6 x 1000 x 9.81 x 0.15) + (1000 x 9.81 x 0.65) 


— (690 x 9.81 x 0.35) 
Pug = 122019.8Pa = 122.02KPa (abs. ) (Answer) 

. Air enters a compressor with a stagnation pressure of 100 kPa and a stagnation 
temperature of 27°C, and it is compressed to a stagnation pressure of 900 kPa. 
Assuming the compression process to be isentropic, determine the power input to the 
compressor for a mass flow rate of 0.02 kg/s. oe 
Take C,=1.005KJ/kg.K and y = 1.4. 


Solution: We get, 
y-1 14-1 

To P2\ Y 900\ 14 

a (2) or, T, = 300.2 x (=) 


900 kPa 


il 


100 


= 562.4K 


-. Power input to the compressor = mC,(T, — T;) 
= 0.02 x 1.005 x (562.4 — 300.2) = 5.27KW 
(Answer) 


Pe the projection of the given figure in third angle projection. 
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awh 


10. 


Bankers Selection Committee (Sonali-Janata Bank Senior Officer) 
Post: Senior Officer (Mechanical) 
Time-10.00AM to 11.00AM Date:25.09.2020 
Exam Hall: Bangladesh Bank High School, Motijeel, Dhaka. 
[Marks: Departmental-40, Bangla-10, English-10, Math-10, Gk-10] 


MAT-30 
ANS a IGS opora. VAT + WS | 
Sxe orf SOLE YS 
TAH AAT TT Sormsicsa WI Vegas HA sera Soraa-A rary 
2 ac car atacaa freacy ase - rE 
MCHA HOY Bert — aahy 
fACH CBT IATA #1 - WEE TT 
BY IA AAS 1H - PHM 
AOA AA Shalacean — FO+ ag 
. rate HP = - cof 
0, aTacra fer 4a aera - fea OPTS 


English-10 


Be nO ON ON PS ee re 


Antonym of cease — start 

Correct spelling — secretariat 

Which is not an adjective —- humour 

‘Hit below the belt’ means —Hurting or insulting someone in an inappropriate 
way/ too personal 

Preposition 

It will not be boring to__ the same story from you again — be heard/hear/hearing 
Which is the active voice of ‘This picture was painted by Zaynul abedin — Zaynul 
Abedin painted this picture. 

Conjecture is related to — guess. 

Abstract noun — boy/child/family/childhood. 

Can’t remember 


Math-10 


1. Ifx+== 4 then x* += =? Ans- 194 
x x 


-2. 


‘The production cost of a product is 10tk and selling price 16tk. If in the process of 


selling 10000tk more spend then how many product need to sell to make 50000tk 
profit. 
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ak? SASS ee 


— 
So 


Solution: Let, x number of product need to sell. Then production cost of x number of 
product is 10x taka. 

Total cost =(10x + 10000)taka, Total sale =16x taka, Now 
profit=50000=16x—(10x+10000) 

or, x=10000 unit. 

The capital of a person is 1200tk. He deposited some part of the money in bank at 
5% interest and rest of the money at 7% interest. Total profit 72tk at the end of the 
year. How much profit earned from 5% interest . (didn’t get exact question) 
Solution: Let, deposited money x and y at 5% and 7% respectively. According to 
question, x+y=1200 and 0.05x+0.07y=72 , By solving these equations- x=600, 
y=600 . Profit from 5% interest=.05 x 600=30tk 

The side length of a square inscribed in a circle is 2. What is the area of the circle? 


A) Diameter=,/(2? + 22) = 2V2 ; r=v2, area=nr? = 20 


. X varies inversely as square of y. Given that y=2 for x=1, the value of x for y =6 will 


be_. 


Solution: x = k= 


or,1 = k= or,k = 4. Now, fory =6,x= = == 
a‘=b, b’=c, c’=a . xyz=? Solution: a* = b or, xloga = logb , similarly, ylogb = 


loge & zloge = loga; xloga = =e or, xyloga = loge = es or xyz = 1 


Compound interest related large math. 
Loss profit related math 
9-10. can’t remember 


General knowledge-10 
‘Doing business’ JOCS WAH WIAA Po? GSas so 
CNOA TAA AIS CH? CSAs GY CRAY 
GPICAP TEA CATS B? GSas Zoran milanovic 
209s WC RAGA 4 CMT CATT QA (<5? James peedbles 
THIF WM PHAPOMT PLAT QAI HB HS GAA SCAT? GSAS A UG, How 
RTT CATS SOG AH AMA ATI SCAT? WSas ofr Wreryefa 3 Hy) 
fey arg han Sta? Gore 4 aS 
APMSE UGG CH ACS ATHCA MMT CAP? GSAS GANA 
TEMACT OT AICS PAA AA Bla? GUase OH% 


. HATCH CAPA TIO CH PUCTATR? GSAS Valery Polyakov(438days) and among 


womens Christina Koch(328days). 
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14, 


15. 
16. 
17. 


Departmental- 40 
Bronze is an alloy of- copper and tin. 


. Manganese is added in low carbon steel in order to — make the steel tougher and 


harder/raise the yield point/make the steel ductile and of bending good qualities/all 
of above 
The percentage of carbon in low carbon steel-0.15% 

Reactors for propulsion applications use —enriched uranium/molten lead/any form 
of uranium/thorium . 

The undesirable property of a refrigerant is — High boiling point 

Coulomb friction is the friction between- two dry surfaces 

The desirable property of a refrigerant is — low boiling point/high critical 
temperature/high latent heat of vaporization/all of above. 

Engine pistons are made of alluminium alloys because it- is lighter/wear is 
less/absorbs shocks/is stronger. 

The reason for supercharging in any engine is to — increase efficiency/increase 
power/reduce weight and bulk for a given output/Effect fuel economy. 


. The resultant of two equal forces ‘P’ making an angle @ is given by - 2Psin@/2 ; 


2Pcos0/2; 2Ptan6/2 ; 2Pcot6/2. 


. 11. Addition of heat to a constant pressure to a gas results in — raising temperature 


and doing external work. 


. 12. Morse test can be conducted for — petrol engine/diesel engine/multicylinder 


engines/all of these. 


. A hydraulic ram is used to — store the energy of water/increase the pressure of 


water/to lift water from deep wells/ to lift small quantity of water to a greater ' 
height when a large quantity of water is available at a smaller height. 

According to the principle of buoyancy a body totally or partially immersed in a fluid 
will be lifted up by a force equal to ~ the weight of the body/ more than the weight of 
the body/less than the weight of the body/weight of the water displaced by the 
body. 

Electrical motors converts- Electrical to mechanical energy 

The compression ratio is always more than unity. 

In a jet propulsion - the propulsive matter is ejected from within the propelled 
body /the propulsive matter is caused to flow around the propelled body/its 


functioning does not depend upon presence of air/ none of the above. 
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18. Temperature of the gases at the end of compression as compared to exhaust gases in a 
gas turbine is- higher/lower/equal/can’t be compared. 

19. All radiations in a black body are- reflected /refracted/transmitted/absorbed. 

20. The amount of heat flow through body by conduction is — directly proportional of the 
surface area of the body /directly proportional to the temperature difference on the 
two surfaces of the body/depend upon the material of the body/all of above. 

21. The carbide tools operating at the very low cutting speeds (below 30min/sec)- 
reduces tool life/increase tool life/have no effect on tool life/spoils the work piece. 

22. High speed tools retain their hardness up to temperature of — 250/350/500/900. 

23. The type of reamer is used for reaming operation in a blind hole , is — straight fluted 
reamer/left hand spiral fluted reamer/right hand spiral fluted reamer/any of these. 


24. In TIG arc welding, the welding zone is shielded by an atmosphere of — 
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36. In which iron, the amount of carbon is maximum- nodular iron/cast iron/pig 
iron/wrought iron. 

37. A sample of metal weighs 219gms in air, 180gms in water, 120gms in an unknown 
fluid. Then which is correct statement about density of metal- density of metal can’t 
be determined/metal is twice as dense as water/metal will float in water/metal is twice 
as dense as unknown fluid. 

Solution: we know, m = pv, metal wieghs 219gms in air, 0.219 = p,,V ---(1) 
Metal weighs in water 180gms- 0.18=0.219 — pyV = pyV = 0.039 ----(2) Now, 
equation 2 divide by equation 1 we get, Ppm/Ppw= 0.219/0.039=5.615 = pm=5.615 pw 
Similarly in unknown fluid, 0.12=0.219- pyV=>pyV=0.099 ----(3) Now, eqn (1/3) 
we get, Pm=2.212py 

38. Which of the following is the locus of a point that moves in such a manner that its 
distance from a fixed poitit is equal to its distance from a fixed line multiplied by a 
constant greater than one- ellipse/hyperbola/parabola/circle. 


39—40. can’t remember. 


Bangladesh Petroleum Institute (BPI) 
Post: Scientific Officer 
Time-One and half hours 
Date:18.12.2020 
{Marks Distribution: MCQ-30 Written-70 ] 
MCQ-30 
Bangla-9 
A TIA oF PUB Peas Peas / PAI 
"En apHoad SY Tel BA SUS-SPYASU BY/PACHAM / AIHA HO/PASY GIRIK 
BIRT SH CHAT AY AC CTT ACTS CHIR A-PUBSAGI/BOSAGI/SIAAGI/P HATST 
FACES CHANT HHS ASA Qs ATA / Spat BSS /AT C/T 
ATA FACS COT ABUT CHA BICTA- POTTS MAT AMAAT WSS AATTTS OSS/IOITA 
wats 
6. Caer i CHratb_cometr 1 AOeT/ CCRC 


SY Ger eee ae 
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7. HATH NAM, FIT MST CHA IR ACSI TAL CHA PALS CHA HSHS-BU SAH 
YT /TPAHITT ALM / SABA *]15/ POPC FT 

8. die treet Bopicarey BE aH CAG. SI SUT/BICseT/ SIA Somes 

9. CBT THe Aras faa Brat WSS. corma MAAC Bet SCR MAT fay FAT 
PRY PBS SIT Prats STAT 

English-9 

1. Javed truly wanted to serve in the position no one else wanted; his enthusiasm was- 
counterfeit/negated/convoluted/sincere | 

2. As the day wore on with little progress in evidence, Jenny’s energy began to- 
dissemble/wane/proliferate/mitigate 

3. After a month of survival training in the wilderness, the scours became quite- 
lucid/putrefied/alert/odious 

4. Being able to afford this luxury car will maximize/recombinant/necessitate/reiterate 
getting a better paying job 

5. He will be arriving quite late, so by the time he comes, the play - would have 
begun/will begun/will have begun/would begun 

6. The antonym of COERCIVE is- progressive/opilonated/promoting/gentle 

7. Synonym of ALTRUISTIC- benevolent/progressive/inhumane/selfish 

8. Select the correct spelling of the word- 
acquainttanc/acquaintance/acqquaintance/accquaintance 

9. Choose the correct pair of words from the following; symphony:composer- 
leonardo:music/fresco: painter/colours:pallet/art:appreciation 


Mathematics-6 
1. A swimming pool is initially filled to a depth of 96 inches. After 2 weeks, the depth 


has decreased to 92.5 inches. Assuming that the depth decreased at a constant rate, 
after how many days would the water depth have reached 93 % inches? 3/9/7/6 
Answer: 9 

2. Inthe coordinate plane, line m passes through the origin and has a slope of 3. If 
points (6,y) and (x,12) are on line m, the y-x=? 14/18/22/26 Answer: 14 

3. A delivery cart went from candleford to lark rise and back at an average speed of 2/3 
miles per hour. If the distance from candleford to lark rise is 1mile, and the trip back 
took half as much time as the trip there, what was the average speed of the delivery 
cart on the way to lark rise? 1/3,3/4,1/2,2/3 
Answer: % 

4. The average of several exam scores is 80. One make up exam was given, included 
with the other scores, the new average was 84. If the score on the make up exam was 
92, how many total exams were given? 3/2/4/5 Answer: 3 


QB-424 Job Solution 


5. h=3at28.6, a pediatrician uses the model above to estimate the height b of a boy, in 
inches, in terms of the boy’s age a in years, between the ages of 2 and 5, based on the 
model, what is the estimated increase in inches of a boy’s height each year? 
7.5/10/3/5 Answer: 3 

6. A television with a price of $300 is to be purchased with an initial payment of $60 
and weekly payments of $30. Which of the following equations can be used to find 
the number of weekly payments as required to complete the purchase, assuming there 
are no taxes or fees? 300=30w-60/300=30w/300=30w+60/300=60w-30 Answer: 
300=30w+60 

General Knowledge-6 

1. Which country has the highest energy consumption per capita in the world?- 
USA/Iceland/UK/Saudi Arabia 

2. Which of the following s not considered to be a source of renewable energy? — 
hydropower/wind/natural gas/solar 

3. Who is the author of the book Principia mathematica?- Isaac Newton/Albert 
Einstein/galileo/Copernicus 

4. Who has won US open 2020 men’s singles title? — rafel nadal/dominic thiem/novak 
djokovic/roger Federer 

5. Who won the Nobel prize 2020 in literature? — louise glick/petter handke/olga 
tkarezuk/kauo ishiguro 

6. What is the name of the currency of Latvia? — lira/euro/dollar/pound 


Written ability test 
Bangla-20 
1. SPafes TANT OIA SeTSTA TH ATBATG *HSIy ACARI 4 FANTA fIBriaw UHfaca HA 
BSTSTH IHU (FS fer 
2. Translate the following into Bangla: 
Today marks the 49 years of our existence as sovereign nation. On this day in 1971, 
our struggle for independence following a nine-month war was rewarded with a richly 
deserved victory that came at the cost of unimaginable loss of life and persecution. 
We should always remember with a deep sense of gratitude, the enormous 
contributions of the freedom fighters who fought and bled on the ground and the 
leading role of Bangabandhu and his four trusted lieutenants in steering us to this 
moment. Together their efforts and sacrifices, as well as that of countless other 
individuals both at home and abroad, paved the way for the fulfillment of the Bengali 
dream for self-determination. 
English-20 
1. Fashion trend are difficult to follow these days and it is widely believed that they 
primarily exist just to sell clothes. Some people believe that we should not follow 
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them and that we should dress in what we like and feel comfortable in. To what 
extent do you agree or disagree with this opinion? You should write at least 200 
words. Use your ideas, knowledge and experience and support your arguments with 
examples and with relevant evidence. 


Mathematics -10 
1. A shopkeeper buys 100 mangoes at tk. 12 each. He sells 60 mangoes at tk. 17.4 each 


and x mangoes at tk.11.31 each. The shopkeeper makes a profit of at least 10%. Find 
the least possible value of x. 

2. A train has a length of 150 meters. It is passing a man who is moving at 2km/hour in 
the same direction of the train, in 3 seconds. Find the speed of the train. 


Subjective Questions-20 
Instructions: Answer any two of the following questions. 
1. Two methanol-water mixture are contained in separate flasks. The first mixture 


contains 40 wt% methanol, and second contains 70 wt% methanol. If 200g of the 
first mixture is combined with 150g of the second, what are the mass and 
composition of the product? . 


Solution: 
Mim = 0.4 
Miw 0.6 
Mam = 0.7 150 gm 
Mow = 0.3 


Here, Input = Output 

Mrm (In) = 0.4 x 200 + 0.7 x 150 = 185gm = my, (Out) 
Mw (In) = 0.6 x 200 + 0.3 x 150 = 165gm = my, (Out) 
“Mpp = Mpm + Mpy = 185 + 165 = 350gm (Answer) 
25 x 100% = 52.9% (Answer) 
165 


% of composition of methanol = = x 100% = =~ x 100% = 47.1% (Answer) 
p 


% of composition of methanol = Tm x 100% = 
Tp 
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2. In a fluid pipeline, the flow has the following conditions at section 1: 25°C, 2atm, 
15m/s velocity and 1m inside diameter of pipe. At section 2 the conditions are: 25°C, 
latm, and 2m inside diameter of pipe. Calculate the velocity at section 2. 

Solution: Given, d, = 1m; P, = 2atm; V,; = 15m/s; dz = 2m; P, = latm; V, =? 

We get from Bernoulli’s equation: =e + oe +Z,=—+ a + Z, 


pg 
202650 152 101325 V2? 


1000x9.8  2x9.81  1000x98  2x9.81 
Vz = 20.68 m/s (Answer) 


3. Calculate the density of the gas mixture at standard conditions (300°K, latm, Z 
factor=1), whose composition is listed in the following table: 


Component Molecular weight Composition(mole 
fraction 


| Gast Tt | 


Solution: 
We get, m=m, + M2 + M3 = n,M, + n2M, + n3M3=0.8x10+0.1 x20+0.1x*30= 13 
Density = “*-=-__3_-_ 3-953 Kg/m? (Answer) 


4. (a) What is well logging? Name different types of well logging. 
Answer: The systematic recording of rock properties and it’s fluid contents in wells being 
drilled or produced to obtain various petrophysical parameters and characteristics of down 
hole sequences (G.E Archie 1950). The measurement versus depth or time, or both, of one or 
more physical properties in a well. These methods are particularly good when surface 
outcrops are not available, but a direct sample of the rock is needed to be sure of the 
lithology. ; oe 
Types of Well Logging Logs can be classified into several types under different 
category: : 

e Permeability and lithology Logs 

e Gamma Ray log 

e Self-Potential [SP] log 

e Caliber log Porosity Logs 

e Density log — 

e Sonic log 

e ; Neutron log Electrical Logs 

e Resistivity Log 

(b) What is the importance of drilling muds? What is shale gas? Explain shale gas 

extraction procedure and why shale gas extraction has created controversy? 

Answer: 
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Importance of drilling muds: Drilling fluid is any fluid that is used in a drilling 
operation in which that fluid is circulated or pumped from the surface, down the drill 
string, through the bit and back to the surface via the annulus. Drilling mud is necessary 
to: 
1. Remove cuttings from the well. 2. Control formation pressure. 3. Suspend and release 
cuttings. 4. Seal permeable formations. 5. Maintain well bore stability. 6. Minimize 
reservoir damage. 7. Cool, lubricate and support the bit and drilling assembly. 8. 
Transmit hydraulic energy to tools and bit. 9. Ensure adequate formation evaluation. 10. 
Control corrosion. 11. Facilitate cementing and completion. 12. Minimize impact on 
environment. 13. Prevent gas hydrate formation. 
Shale gas: Shale gas is a form of natural gas (mostly methane), found underground in 
shale rock. It is classified as ‘unconventional’ because it is found in shale, a less 
permeable rock formation than sandstone, siltstone or limestone in which ‘conventional’ 
gas is found, and it is generally distributed over a much larger area. It does not flow 
easily. 
Shale gas extraction procedure: Hydraulic fracturing - commonly known as fracking — 
is the process used to extract shale gas. Deep holes are drilled down into the shale rock, 
followed by horizontal drilling to access more of the gas reserves, as shale reserves are 
typically distributed horizontally rather than vertically. Fracking fluids containing sand, 
water and chemicals are then pumped at high pressure into the drilled holes, to open up 
fractures in the rock, enabling the trapped gas to flow through the fractures into collection 
wells. From there it is piped away for commercial use. Recovery rates for shale gas are 
much lower than for conventional gas. 
Shale gas extraction has created controversy: Fracking uses huge amounts of water, 
which must be transported to the site at significant environmental cost. As well as earth 
tremor concerns, environmentalists say potentially carcinogenic chemicals may escape 
during drilling and contaminate groundwater around the fracking site. The industry 
suggests pollution incidents are the results of bad practice, rather than an aniETenEY risky 
technique. 

5. Explain the following volcanic eruptions: Hawai’ian, Strombolian, Vulcanian and 
Plinian eruptions. 

Answer: 

Hawaiian eruption: 

A Hawaiian eruption is a type of volcanic eruption where lava flows from the vent in a 

relatively gentle, low level eruption; it is so named because it is characteristic of Hawaiian 

volcanoes. Typically they are effusive eruptions, with basaltic magmas of low viscosity, low 

content of gases, and high temperature at ane vent. Very small amounts of volcanic ash are 

produced, 

Strombolian eruption: 

A Strombolian eruption is a type of volcanic eruption with relatively mild blasts, having a 

Volcanic Explosivity Index of about 1 to 3. Strombolian eruptions consist of ejection of 

incandescent cinders, lapilli, and lava bombs, to altitudes of tens to a few hundreds of metres. 
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The eruptions are small to medium in volume, with sporadic violence. This type of eruption 

is named for the Italian volcano Stromboli. 

Vulcanian eruptions: 

A Vulcanian eruption is a type of volcanic eruption characterized by a dense cloud of ash- 

Jaden gas exploding from the crater and rising high above the peak. They usually commence 

with phreatomagmatic eruptions which can be extremely noisy due to the rising magma 

heating water in the ground. This is usually followed by the explosive clearing of the vent 

and the eruption column is dirty grey to black as old weathered rocks are blasted out of the 

vent. 

Plinian eruptions: 

Plinian eruptions or Vesuvian eruptions are volcanic eruptions marked by their similarity to 

the eruption of Mount Vesuvius in 79 AD, which destroyed the ancient Roman cities of 

Herculaneum and Pompeii. Plinian/Vesuvian eruptions are marked by columns of volcanic 

debris and hot gases ejected high into the stratosphere, the second layer of Earth's 

atmosphere. The key characteristics are ejection of large amount of pumice and very 

powerful continuous gas-driven eruptions. 

6. The drive shaft in an automobile delivers 200Nm of torque as it rotates at 3600rpm. 
Calculate the horsepower delivered. 

Solution: 

We know, Power Transmitted = Torque x ‘ angular speed 

=Tx@=T a = = 200x = = 75398.22W = 101.1 1hp (Answer) 

7. An siventor proposes aa engine that operates between 27°C warm surface layer of 
the ocean and a 10°C layer of a few meters down. The inventor claims that the 
engine produces 100K W by pumping 20kg/s of seawater. Is this possible? 


Solution: 
The maximum temperature drop for the seawater is 17°C. The maximum rate of heat transfer 
from the high-temperature water is then, 

: Qu = mc,AT = 20 x 4.18 x 17 = 1421KW 


The efficiency of the proposed engine is then, 


_ W_ 100 
Nee aa = 0.0704 or, 7.04%. 


The efficiency of a Carnot engine operating between the same two temperatures is 


n= 1— = = 1-= = = 0.0567 or, 5.67% 


The proposed engine’s efficiency ead that of a Carnot engine; hence, the inventor’s 
claim is impossible. 
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Bangladesh Bank(BB) 
Post: AD(Mechanical) 
Time-10.00AM to 12.00AM 
Date:27.10.2020 
Exam Hall: Lalmatia Girls High School 
[Marks Distribution: MCQ-(20x1.5=30) Departmental (written)-170] 
Part B-170 
1. (a) Define 3" law of thermodynamics. What is its importance and limitation? 


3" Jaw of thermodynamics: The entropy of perfect crystal at absolute zero is exactly equal 
to zero. 

Importance of third law of thermodynamics: It defines the sign of the entropy of any 
substance at temperatures above absolute zero as positive and it provides a fixed reference 
point that allows us to measure absolute entropy of any substance at any temperature. It helps 
to calculate the thermodynamic properties and to measure chemical affinity. It explains the 
behavior of the solids at very low temperature and also analyze the chemical and phase 
equilibrium. 

Limitations: Glassy solids even at 0K have entropy greater than zero. Solids having 
mixtures of isotopes do not have zero entropy at OK. For instance, entropy of solid chlorine is 
not zero at OK. Crystals of CO, N20, NO, H20 etc. do not have perfect order even at OK thus 
their entropy is not equal to zero. 


(b) Difference between heat transfer and thermodynamics. 

Thermodynamics is concerned with equilibrium state of matter, precludes the temperature 
gradient and Heat transfer concerned with non-equilibrium process, temperature gradient 
must need for heat transfer. 

Thermodynamics helps to determine the quantity of work and heat interaction when system 
changes one equilibrium state to another. Heat transfer refers us to determine the time rate’ at 
which ineraction occurs. 


(c) What is the significance of entropy? 

Significance of entropy: The measure of level of disorder in a closed but changing system, a 
system in which energy can only be transferred in one direction from an ordered state to a 
disordered state. Higher the entropy higher the disorder level and lower the availability of the 
systems energy to do useful work. It can be used to predict whether a given process is 
thermodynamically possible or not. 


2. (a) Define Newton’s law of viscosity. 

Newton's law of viscosity states that the shear stress between adjacent fluid layers is 
proportional to the negative value of the velocity gradient between the two layers. 

The ratio of shear stress to shear rate is a constant, for a given temperature and pressure, and 
is defined as the viscosity or coefficient of viscosity. 
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a du ) 
T ae 

7 du 
T= ay 


Where, i = Viscosity, 


t = Shear stress 


d 


re = Velocity gradient/ rate of shear 


deformation 


shear stress, 
) 


gradient, us 
ay 


ese 


velocity, u 


(b) A beaker is filled with liquid of 1L volume and the weight is 6.5N. What is the 
specific weight? 

ae 6.5KN/m3 

Va 5408 0 

(c) Which is more efficient, centrifugal or reciprocating pump? Why centrifugal is not a 
positive displacement pump? Why centrifugal is known as high discharge pump? 
Answer: Actually, the pump efficiency depends on their application. Positive displacement 
pump is more efficient than a centrifugal pump in terms of delivery pressure, because 
positive displacement pump has low discharge and high head. In terms of discharge, the 
centrifugal pump is more efficient. 

Centrifugal pump is not a positive displacement pump: A positive displacement pump 
provides a constant flow at fixed speed, regardless of changes in pressure. The pump makes 
the fluid move by trapping a fixed amount and forcing the volume into the discharge pipe. 
The liquid flows into the pump as the cavity on the suction side opens or expands, while the 
liquid flows into the discharge as the cavity closes or decreases. Through every cycle of 
operation, the volume is the same. But in case of centrifugal pump the discharge depends on 
the suction pressure and there is a leakage in the impeller so the discharge flow varies and it 
is not a positive displacement pump. 

Centrifugal pump uses the centrifugal force to push out the fluid. So the liquid entering 
the pump receives kinetic energy from the rotating impeller. The centrifugal action of the 
impeller accelerates the liquid to a high velocity, transferring mechanical (rotational) energy 
to the liquid. So it discharges the liquid in high rate. 

3. (a) Two forces act at an angle of 120°. Magnitude of larger force is 50kgf. The resultant 


force is perpendicular to the smaller force. What is the magnitude of smaller force? 


W = mg = pV or, pg = 
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| : Fi 
We get, sin30 == 
F, 


= F, = 50Kgf x 5 = 25Kef (Answer) 
(b) What is the tension in the rope? 


_ 2m4m2 


g = 588.6N (Answer) 


m,+m2 


(c) A ball is moving to a 45° inclined surface at a velocity of 5m/s. Find the velocity after the 
impact. Line of action and impact line in same direction. Co-efficient of restitution is 0.5. 


F, = 0or,mV,, = MVy2 - Vyq = Vy2 = Veos45 
= 3.53 m/s; Co — efficient of restitution,e = .5 = We = ye 
; : ; ~  Vy1 —-Vsin45 


“ Vy2 = 1.767m/s 


@ = tan7! 2 = tan-? 2 = 63.39° 
Vy2 1.767 


Velocity after impact = v3.53? + 1.7672 = 3.94m/s (Answer) 

4, (a) What is self-exciting generator? What is the advantage of parallel operation of 

generator? How the overheating of generator stator is prevented? 
Self-exciting generator: A self-excited brushless alternator having a rotating field excited by 
an alternating current exciter whose armature rotates with the field winding of the alternator 
and is permanently connected to that winding by a rotating field rectifier. 
Advantage of parallel operation of generator: 
Continuity of Supply and Maintenance: This kind of connection is quite feasible when the 
repair and periodical maintenance work is concerned. 
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Efficiency: According to the efficiency verses load curve, generator efficiency is maximum 
when the load is 100%, so the generator unit must run on full load. 

Size of Alternators: The higher the rating of the generator, the bigger the size of the setup 
will be. 

Maximize Power System Reliability: If any one of the generators running in parallel is 
tripped due to fault, other parallel generators in the system will share the load. 

The overheating of generator stator is prevented by keeping both the coolant and oil 
levels at their correct levels. By monitoring the exhauster to make sure that it is not blocked. 
By placing the generator in a protected but well-ventilated area. 


(b) Briefly describe working principle of CNC machine. Describe how CNC machine 
revolutionized modern manufacturing process? 

CNC system a dedicated computer is used to perform all the essential functions as per the 
executive program stored in the computer memory. The system directs commands to servo 
drives to drive the servo motor & other output devices like relays, solenoids, etc. to initiate 
the operations such as motor starting & stopping, coolant on & off, tool changing, pallet 
changing, etc. and other miscellaneous functions. 

Once the system gives, it becomes necessary to ensure that the particular function has been 
completed. This is done by “Feed Back Devices.” Continuous feedback device like linear 
scale, encoder, resolver, etc. are used as position feedback of the motor. Some sensors like 
proximity switch, limit switch, pressure switch, flow switch, and float switch, etc. are used as 
feedback devices to monitor the different operations. Thus all operations of the CNC 
machine are monitored continuously with appropriate feedback devices. So that CNC system 
is called as “Closed Loop” system. In case of failure in any failure feedback, the system 
generates a “Fault Message.” 

The principles of CNC operation. : 

Movement of X, Y, Z axis are controlled by a motor which supplies either Alternating 
current or Direct current. 

Movement of the machine is done by giving commands. 

All the operations are carried out by codes like speed, feed, depth of cut, etc. 

For each operation separate code is available. 

The warning system is available to save guard the various operations and components. 


5. (a) What is the importance of thermostat in cooling system of IC engine? State 
whether specific humidity decrease or increase or remains constant during cooling 
and dehumidification. . 

The thermostat is like a valve that opens and closes as a function of its temperature. The 

thermostat isolates the engine from the radiator until it has reached a certain minimum 

temperature. Without a thermostat, the engine would always lose heat to the radiator and take 
longer to warm up. 

The specific humidity decreases during cooling and dehumidification. 
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(b) Briefly describe cooling system of refrigerator and air conditioner. In a ammonia 
absorption refrigeration system which material is suitable as condenser coil-copper, 
aluminum, steel or brass? 

Refrigerant vapor from the evaporator is compressed in a compressor and then cooled down 
to liquid phase in a condenser by exchanging heat with the ambient air. The liquid refrigerant 
is then throttled using an expansion device to lower its pressure and thus lowering its boiling 
point. This low pressure liquid refrigerant is then passed through the evaporator coil where it 
boils and becomes vapor by taking the latent heat from the objects / enclosure surrounding 
the evaporator coil and the cycle repeats. 

In an ammonia absorption refrigeration system which material is suitable as condenser steel. 


6. (a) Describe ‘Just in time’ system and ‘Kanban’ system in management system. 

The just-in-time (JIT) inventory system is a management strategy that aligns raw-material 
orders from suppliers directly with production schedules. Companies employ this inventory 
strategy to increase efficiency and decrease waste by receiving goods only as they need them 
for the production process, which reduces inventory costs. This method requires producers to 
forecast demand accurately. 

The JIT inventory system contrasts with just-in-case strategies, wherein producers hold 
sufficient inventories to have enough product to absorb maximum market demand. 

The Kanban Method is a means to design, manage, and improve flow systems for knowledge 
work. The method also allows organizations to start with their existing workflow and drive | 
evolutionary change. They can do this by visualizing their flow of work, limit work in 
progress (WIP) and stop starting and start finishing. 


(b) Describe preventive, corrective, shut down and predictive maintenance of a lift in a 

busy building. 

7, (a) Which method is more effective in fuzzy decision making among AHP, grey 
Decision Making and Intuitional Decision making method? 

(b) What is SWOT analysis, Likert and AHP process? 
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Three Bank Combined (Sonali-Janata-RAKUB) 
Post: Assistant Engineer. 
Date: 20.10.2020 
( 20 mark bangla essay + 10 bangla to English translation + 10 English to bangla translation 
+ 10 GK without option) 
Department 150 


Non-Departmental. 
ALAN ABU : SCAM WAM alls VATASS HSS 


Bangla to English WAM : 

PA AAs Remittance fata ACT Passage 

English to Bangla Byam: 

STMT Internet 44 VAG DAA 8 HhyrTawr fea Passage 


GK 
51 STG GTS CAAT CBG? 
21 HACKTH (RIG WRIT CHING? 
81 BCA East Pakistan CATH Weel ATA PAT Pal VA? 
81 Cancass ( 2 APN SY) 42 YAR HM CHCA CH BH? 
¢| TOMA Yarpiea BA So? 
Ul PA FPO HAC (AT AAT 2) TOMA TRLAT GHIA FI fet? 
1 WERT GTS LETHE UCeTA SIC GTA ATA? 
v1 GOAN SUI CUA FARIA MA ANSTO? 
Departmental 
What is the Mechanical advantage of a Double Pulley? 
Why is Over-pressurizing an air conditioning system bad? 
How does a Super Charger work in a Car? . 
How can you see where pipes are behind the Wall? 
How are the pneumatic system and the hydraulic system similar? 
What is the difference Between an Electric motor and Electric Generator? 
How is a Submarine able to Submerge and surface? 
What is a Turboprop Engine? 
What is the role of Nitrogen in welding? 
What causes white smoke in two stroke Locomotive Engines? 
What is the difference between hydraulic oil and engine oil? 
Can you use motor oil in a hydraulic system? 
What does.angular momentum Mean? 
What are different types of Gate valves? 
What is supercharging? 
State second law of thermodynamics. 
Difference between petrol and diesel engine. 
Structure, diagram and working principle of electric motor. 
Which pipe is used for stream lines? 
Write down the types of brake. 


SO 08. Oy Se ee 


| El cnet maeclllll aeenillll oxen Sill aeen lll need on El cee ae one 
Se SO GO ON Gi Ne 
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21. | What is annealing? 

22. Characteristics of mechanical refrigeration. 

23. Define Torque. 

24. What is Avogadro’s law? 

25. Basic characteristics of super critical boiler. 

26. | What are uses of compressed air in mechanical operations? 
27. Importance of tolerance in mechanical production. 

28. Can’t recall. & 


oe 


qa Aas 
HFaF-200 
WI-8:00FT (Sb-.99.209>) 
lafett aca wy Ais Ceaia Daa Seq] 
Ra 
UIA CHVS $09. 80 


>. CCPC GG fracr ATH ADA PPA: 
(#) aifes Prom waptose = (et) aReTCHa Baar Mae (1) THOT 
Dla (6) caer PH Faq 8 Facts Gar 


IOUS TST PY, WIS CACY few ACI HA; 
BM ARealce TE, Fo ars RABA-FAC | 
DET ATS ACF STAC | 
BET AA VY We WHT CHS NCH el 
artes FFAS AACA ATT, 
4 frase 4 Pest qpicarty Scat as STAT 
ATH SLY 4 GUAT YP GAP | 
©. deuce teed ties Resa ow 0 SR (OG ac 
BIT 
KFST FAW YPSAUACS BAA Wad BUSS ailarca GHA HiSers ta Fra | 
8. Wel WY SHA: 
A newspaper is a store-house of knowledge. We can know the conditions, manners, 
customs of other countries of the world from a newspaper. It is in fact the summary of all 
current history. 
Cc. Wie Ye aria Ges fra: 
(*) 9-9 faarq-aa ef fears frat | 
(4) Ten aerohe atts aire aca ef Fare Pres 
(A) Ane “HOTTA Saat rete TOPS, SAT, HS, COAT, af | 
(4) WMV SHR THaba Seas Fe TM, CNA AA Ue, VIA FA, SMANOACIN, Ala 
TS | 
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English 


1. Write an essay on any one of the following with given hints: 
(a) ICT Education in Bangladesh 
[Hints: Introduction- It's process of application- The importance of ICT learning- 
How to improve the efficiency- Merits of learning ICT - Conclusion] 
(b) The Growing Importance of the Spirit of Liberation War of Bangladesh: 
[Hints: Introduction- Background of Liberation War - The meaning of the spirit of 
Liberation War- Ever growing significance of the Liberation War- Conclusion.] 

2. Write a letter to the Mayar of your city drawing his/her immediate attention to the 
indiscriminate dumping household waste in your locality and requesting him/her for 
taking appropriate measures. 

or 
Write a letter to your flat owner asking him/her for certain repairs to be done to your 
rented flat. . 
3. Read the following passage and answer the questions that follow: 
The "Little Tramp", the unforgettable character Charlie Chaplin, was born purely by 
accident in 1915. While rushing to a film shoot in California, he grabbed clothes other 
people had left behind in the changing room. And when he emerged, he found he had 
created a personality everybody loved. A little guy in a bowler hat, a close-fitting jacket, 
a cane, outsize shoes and a brush-like moustache! Before long, Chaplin found himself a 
star. That puzzled him, for he saw himself essentially as a shy British Music Hall 
comedian. The U.S acknowledged him as its king of silent film comedy. Soon, so did 
crowds all over the world. But life wasn't always a laugh for Charles Spencer Chaplin. 
Both his parents Were Music Hall artists. Who separated when Charlie was very young. 
His childhood was very sad, for his mother never earned enough to look after Charlie and 
his older brother, Sydney. Sometimes, Chaplin had to sleep on the streets and forage for 
food in the garbage. Charlie took his first bow on stage when his mother made her last 
appearance. It happened when her voice broke during a song. Her son stepped on stage 
and sang a popular song. That's when a star was born. Through all these years of success, 
Charlie never forgot his troubled childhood. It made him recall a Christmas when he was 
denied two oranges and his bag of sweets for breaking a rule at the orphanage he went to 
after his mother's death. It would have broken his heart, if the other children had not 
offered him a share of theirs. Spontaneously, the adult Chaplin gifted the orphanage with 
a motion picture machine and insisted that each child should have a many oranges and 
sweets as they pleased. 
Question: 
(a) What does the word 'acknowledge' mean in the passage? 
(b) Why wasn't the life always a laugh for Charlie Chaplin? 
(c) What was the name of the great character that was created by the renowned comedian 
Charlie Chaplin? 
(d) What were the reasons of Chaplin's disturbed childhood? 
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(e) When was Chaplin born as a star? 


. Change the following sentences as directed: 


(a) Where was he born is not known to us (correct the sentence). 
(b) Young children are compared to Flowers (Make it active voice). 
(c) Karim said to me, "Let him say whatever he likes."(change the narration). 


(d) It was so noisy that we hear ____ ourselves speak. (Fill in the gap with the correct 
form of verbs). 
(e) The team got _ carried when they won the championship and started shouting and 


throwing things around. (Fill in the gap) 

(f) The plane took _ on time (Fill in the gap with correct preposition). 

(g) When he __ (see) all the photographs, he will give those to me. (Fill in the gap with 
correct verb form) 

(h) Because of traffic jam, I could not attend the meeting in time. (Make it complex) 

(i) It was raining. He joined the party. (Join the two sentences) 

(j) He is as strong as you. (Make it comparative) 


aracnces faaatatet 


Tere aa else CEPA “AR afsorraa Fre” aa “anise afeera” 4 wie frace aides fata Seq 
“ARTO CV ATT 2d00" 4a SASS CAPBI BOS fs aat Sea | 

ARATCHOH SPRY ASTANS HPT A St? ATHCA ACHAT PPA | 

() ARATE TAHA Asa Sw? 

(2) SAS HAHA SH] GCA FPA | 

(ee) amram 4 BTC et Roam ree Fo a RCN BEN I 

(2) THAR 6 WSR Sy CHT CHUA BAT Sal AAR? 


. SRT Prrtfos St CAPT VAT SICTIDAT BaP | 


ARNT CUNT STAT AAAS ACH Vata Boufst St Ste Ayercbs Bact St St sehw az 
Beeese faster 


. (%) wkafss 6 ares Soh Se (ECOSOC)? (2) 4 SIS Preta AT RAT Pw? 


(%) ECOSOC «a Fre S Sh 


. FRA ATAVANSTS SlaS BAA FH ASS GER AAT OTA WA BCAA | 

. AH ATA AMAIA BAT SHY ACSA PPA | 

. SDG SRA SETA TTA SS SS Gort aay SeaT? CHUA CHIT HBS Hel ATS ARMAS PACH? 
d2. 


BfScaSay ot Sc Sl SH? | APT CHCA HATA CAPSS St Fle 


so. Bs oreafaars alters wa fry nfs Gay eas aca Docw sca A Srenca MMA TOMS FAA | 


38. 


(#) “Annual Meeting of the New Champions 2019” tera aaqfes Barge 
(2%) a acme frase (Theme) & fer 


QB-438 Job Solution 


ae. 
ou. 
34. 
sb. 
30. 
R0, 
9. 


faery 6 aafe 

WWW faca St gaa? af So aera? 
CHT GVO TT CV QO? CO FAABIA Glare AT le - 
e-Passport 1? 4 *PCNCoa CAPT St? 
fOxy Sew He aa BHT Sl St PT ASA ACS ACA? 
4G ae 5G aa aeeg may fre | 
ICSI BM? fF So asia 6 St Fe 
TSBE CWTSHS SAG GS CHA? 

WHS 

. (a) Why are water-tube boilers used for utility services? 


(b) Differentiate between sub-critical boilers and super-critical boilers. 

(c) In a boiler, feed water is supplied at a rate of 205 kg/hr. Net enthalpy rise of water is 
145 kj/kg for conversion to steam. If coal is consumed at 23 kg/hr having a calorific 
value of 2050 kj/kg, calculate the efficiency of the boiler. 

(a) Differentiate between conduction and convection modes of heat transfer. 

(b) Define black-body. What is radiation shape factor? 

(c) A hot ball of 3 cm diameter has a temperature of 727°C and an emissivity of 0.2 . 


Determine how much energy is being emitted by the ball. Take 0 = 5.67 x 10'S ~ kt 


. (a) What is one 'ton' of refrigeration? 


(b) What are some of the desired properties of a suitable refrigerant? 

(c) With a block diagram describe the working principle of a vapor-compression 
refrigeration system. 

(a) Differentiate between four-stroke and two-stroke internal combustion engines. 

(b) What is ‘compression ratio of an engine? How is the efficiency of a petrol or a aise! 
engine effected by it? 

(c) A single-cylinder petrol engine has a clearance volume of 50 cc and a compression 
ratio of 11:1. Find its displacement volume and thermal efficiency. 

(a) Write down the Bernoulli's equation and explain. 

(b) Differentiate between laminar flow and turbulent flow. 

(c) Define Reynolds number. What are the values of critical Reynolds number for 
external flows and internal flows to make transition from laminar to turbulent? 

(a) Write down the specification of a lathe machine. 

(b) Differentiate between drilling and boring. 

(c) Define pattern. Name five allowances considered while designing a pattern. 
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Sylhet Gas Fields Limited (SGFL) 
Date: 25.03.2021 
Exam Hall: BUET 
Departmental: 8x5=40; Non-dept.: 20x 1= 20 
[Math = 5; GK = 5; = 5; Bangla = 5; English=5] 


1. The shaft has a diameter d and is 


subjected to the loadings shown. F 
Determine the principal stress and Potties ss “ chaibee F 
the maximum in-plane shear stress eg eee sacs 


that is developed at point A. The 
bearings only support vertical 
reactions. P= 500N; F= 400N; 
d=50mm; L=400mm. 


to ft 


P. 
Solution: Section Properties: F 
A=~d2:]=—~d*4 F 
4°” 64 
Normal Stress: a = 4 
_N, MC 2 £ 
— + pas 2 
I yak 
PL _d 2 
qv gat £ ie 
4  2PL 2 = 
A~ d2 ( d ) 
Shear Stress: ta = 0 
In plane principal stress: ral =F -F) 
4 2PL vent 
Oe ade a 
7 4 (- x 500 x 0.4 0) 
~ 1(0.05)? 0.05 ie 
0, =3.87MPa (Answer) eS. 


02 = oy = 0(Answer) 


long needle of 1 mm diameter. The internal:diameter of the syringe is 10 mm. Water 
density is 1000 kg/m’. The plunger is pushed in at 10 mm/s and the water comes out 


as a jet. 


ve A syringe with a frictionless plunger contains water and has at its end, a 100 mm 
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|-— 100 mm —| 


1 mm 


10 mm/s 10 ceed | 


F—-_ 


Assuming ideal flow, Find the force F, in Newtons, is required on the plunger to push 
out the water. 
Solution: Using subscripts 1 for syringe and 2 for needle: d; = 0.01 m, dz = 0.001 m, lp = 0.1 
m, 
p = 1000 kg/m’, v; = 0.01 m/s 
Therefore, V> = V, (= 1m/s 
2 
The needle opens in atmosphere, therefore, P, = 0 
Using Bernoulli’s equation, 


Needle 


Syringe 


Pj -P, V2" —Vy" 


pg tiéi 
P, = 499.95Pa 


Force nauues is: 
E=P, x= = dy” = 0.039266 =~ 0.04N (Answer) 
3. An inventor claims that a new heat cycle will develop 0.4 kW for a heat addition of 
32.5 kJ/min. The temperature of heat source is 1990 K and that of sink is 850 K.Is —_~ 
his claim possible? 
Solution: Temperature of heat source, T, = 1990 K; Temperature of sink, T,; = 850 K 
Heat supplied = 32.5 kJ/min; Power developed by the engine, P =0.4 kW 
The most efficient engine is one that works on Carnot cycle 
T,-T, 1990-850 


eGFeCrK—X——K—K—"————_—- 5s: 0 
Necamot T; 1990 0.573 or 57.3% 
: : Workdone — 0.4 _ 0.4x60 
Also, thermal efficiency of the engine, ny, = teisniee = G2) = oer 
= 0.738 or 73.8% 


Which is not feasible as no engine can be more efficient than that working on Carnot cycle. 
Hence claims of the inventor is not true. 
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raw Schematic diagram of open loop gas turbine with intercooler. 


Combustion 


Intercooler 


. Locate the centroid of the plane area 
shown. 


V 
Then XA=IXA 
X (54) = 306 X =5.67in. (Answer) 
YA=ZYA 
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air in indoor split-type air conditioning system. 
Solution: Question-4; Bangladesh Inland Water Transport Authority (BIWTA)-2019 
(b) Drawing. 
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MECHANICAL ENGINEERING 
Subject Code: foto 
First Paper 


Time Allowed-3 hours 
Full Marks-100 


[N.B. - Answer any five questions. The figures in the margin indicate full marks. ] 


1. (a) What is a “thermodynamic process”? Distinguish between reversible and 
irreversible process. 


(b) What is thermodynamic cycle? Distinguish between a four stroke cycle and a 
two stroke cycle. 


(c) Draw Otto and Diesel cycle on P-V and T-S plane and indicate different 
processes on them. 


2. (a) How steam generator are classified? Distinguish between a fire tube and 
water tube boiler. 


(b) What is meant by boiler accessories and boiler mountings? What are their 
functions? 


(c)Discuss briefly: the working of an economizer in a boiler plant giving a neat 
sketch. 


3. (a) Explain the following terms in connection with design of machine member 
subjected to variable load:- (i) Endurance limit. (ii) Size factor. (iii) Surface finish 
factor. (iv) Notch sensitivity. 


(b) Discuss the various types of power threads. Give their relative advantages and 
disadvantages. 


(c) What is equivalent length of a column? Write the relation between the 
equivalent length and actual length of a column for various and condition. 


4. (a) Draw stress-strain diagram for brittle and ductile material and indicates 
important points on them. 


(b) A thin cylinder pressure vessel of 500 nim diameter is subjected to an internal 
pressure 2 N/mm”. If the thickness of the vessel is 20 mm, find the hope stress, 
longitudinal stress and the maximum shear stress. 


(c) Plot shear and bending moment diagrams for a simple beam with a uniformly 
distributed load. 


Marks 
1+3=4 


1+5=6 


5+5=10 


3+3=6 
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5. (a) Differentiate between a positive displacement machine and a rotodynamic 
machine. 

(b) Define the term “degree of reaction” in case of water turbines and classify 
turbine on the basis of this parameter. 


(c) Explain the term “slip” and “cavitation” with reference to reciprocating pump. 
What are the losses in a centrifugal pump? 


6. (a) Derive the Bernoulli’s equation from Euler equation of motion, mentioning 
clearly the assumptions made in the derivation. What are its limitations? 


(b) Name five flow measuring devices and describe any two of them. 


(c) An open tank contains 5.0 m of oil (y=8.0KN/m’). Find the pressure at the 
bottom of the tank. 


7. (a) Describe the physical mechanism of convection. How is the convection heat 
transfer co-efficient related to this mechanism? 


b) Derive an expression for the quantity of heat flow through a thick cylinder. 


(c) Draw the temperature profile for parallel flow heat exchanger, counter flow 
heat exchanger, boiler and condenser. 


(d) The glass window of a room have a total area 10m” and the glass is 4mm thick. 
Calculate the total quantity of heat that escapes from the room by conduction per 
second when the inside surface of windows are at 25°C and outside surface at 
10°C .k=.84 W/mK. 


8. (a) describe briefly the working principle of a vapor compression refrigeration 
system with block and p-h diagram. 


(b) What is Tonne of refrigeration and COP? 


(c) What factors are responsible for human comfort? How air conditioning is 
different from refrigeration? 


2+2=4 
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[N.B.- Answer any five questions. The figures in the margin indicate full marks. ] 


1. (a) What is a control chart and how it is made? State the objectives of 
control chart. 

(b) Briefly describe the control chart for attributes and control chart for 
variables. 


(c) What is acceptance sampling? Discuss different methods of acceptance 
sampling. 


2. (a) Define die casting. What are the advantages of die casting process over 
sand casting? 


(b) Explain the purpose of coating on an arc welding electrode. 


(c) What is tool signature? Sketch a single point tool bit and indicate different 
tool angels. 


(d) Explain how simple indexing is done. 


3. (a) Differentiate among line , line & staff and functional organizations with 
their relative merits and demerits. 


(b) Define personal management. What are the objectives of personal 
management? Describe functions of a manager in typical business 
organization. 


4. (a) What is Seebeck effect ? State the law of intermediate temperature of 
thermocouples? 


(b) Distinguish among gauge pressure, absolute pressure and vacuum. 


(c) Describe the operation of a Pirani thermal conductivity gauge for low 
pressure measurement. 


(d) What is transducer? Describe one transducer. 


5. (a) Describe the physical mechanism of convection . How is convection 


Marks 
3+2=5 
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10 


2+44+4=10 


242=4 
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heat transfer coefficient related to this mechanism? 


(b) What is Reynold’s number? Distinguish between laminar and turbulent 
flow. 


(c) Explain hydrodynamic and thermal boundary layer. 


6. (a) Explain the process and purpose of reheating steam in steam turbine 
application. 


(b) Describe the phenomenon of detonation in IC Engines .On what factor 
does detonation depend? 


(c) Discuss the working of a four stroke cycle petrol engine with the help of P- 
V and T-S diagram. 


7. (a) Discuss relative merits and demerits of belt , rope and chain drive for 
transmission of power. . 


(b) Describe the help of a sketch the principle of operation of an internal 
expanding shoe brake. 


(c)Differentiate between clutch and coupling. Describe with the help of a neat 
sketch, the working of a plate clutch. 


8. (a) Why is balancing of rotating parts necessary for high speed engines? 
Explain the method of balancing of different masses revolving in the same 
plane. 


(b) What are the causes and effect of vibration? Define in short: free, force and 
damped vibrations. 


2+4=6 

6 

6 

6+2=8 

6 

6 

: 

2+6=8 
4+6=10 
4+(3x2)=10 
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Marks 
1. (a) Define first law of thermodynamics and prove that heat and work are - 6 
interchangeable. 
(b) Define heat engine and heat pump. 8 
(c) Explain the following-: 6 
(i) Perfect gas. (ii) Combustion. (111) Heat Exchanger. 
2. (a) What is the difference between a fire tube and a water tube boiler. 6 
(b) Describe with sketch the working procedure of any one of the fire tube boiler. 8 


(c) Describe in short: - (i) Fusible plug. (ii) Water level indicator (iii) Super heater. 2x3=6 
3. (a) Explain the difference between a four stroke and two stroke cycle. _ 6 


(b) Draw Otto and Diesel cycle on P-V and T-S plane and indicate different 5+5=10 
process on them. 


(c) Distinguish between reversible and irreversible process. 4 
4. (a) What should be the properties of an ideal Refrigerant? 


(b) Describe the factors which are to be considered for solution of Air-conditioner 6 
for an office room. 


(c) How air conditioning is different from refrigeration? 


5. (a) Distinguish between forced and free convection. 6 
(b) Discuss the factors due to which “Carnot Heat Engine” cycle is practicable in 10 
practice. 

(c) What is Tonne of Refrigeration and COP? 4 


6. (a) Plot shear and bending moment diagrams for a simple beam with uniformly 3+3=6 
distributed load. 


(b) Describe the following: - (i) Stress (ii) Hoop strain (iii) Bending moment. 3x3=9 


(c) Draw stress-strain diagram for ductile and brittle material and indicate 5 
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important point on them. 

7. (a) Define Rankine cycle. 

(b) What is the steam turbine? 

(c) Describe advantages of a steam turbine over steam engine. 12 
8. (a) Distinguish between an Engine and a machine. 6 


(b) Explain the difference between a positive displacement machine and a 
rotodynamic machine. 


(c) Name three types of Fits with sketch and places of use. 6 
O8> ag 
wid fT 

faa TGS DOR 
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Second Paper 
Time Allowed-3 hours 
Full Marks-100 
[N.B.- The figures in the margin indicate full marks. Answer any five questions. ] 
Marks 
1.Describe in short (any five):- 4x5=20 


(a) Idle wheel; 

(b) Octane Number; 

(c) C.I engine; 

(d) MIS; 

(e) Heat transfer by convection; 

(f) Moment of force; 

2. (a)What is welding? 

(b) Name various methods of welding. 

(c) Describe various methods of welding. 12 


3. (a) Describe relative merits and demerits of belt, rope and chain driver for 8 
Transmission of power. 


(b) Distinguish between Spur gear, Bevel gear and Spiral gear. 
(c) In case of power transmission explain the terms: shaft, journal and spindle. 


4. (a) Explain advantages of die casting over sand casting. 
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(b) Describe the different types of allowances required to give for pattern making. 
(c) Name the properties of sand to be used for making moulds. 
5. (a) Explain the function of a differential gear box used on a road vehicle. 


(b) Write short notes on: - (i) Thermostat (ii) Air lock of diesel fuel system (iii) 
Engine overheating (iv) hydraulic brake. 


(c) Explain chemical reaction occur during charging of Lead Acid Battery. 
6. (a) Describe Newton’s second law of motion. 


(b) Describe (1) Linear velocity and linear acceleration (ii) Angular velocity and 
angular acceleration. 


(c) Calculate the cutting force required while turning of a work piece 300 mm dia. 
at 30 rpm using 6kW driver motor and assuming driving efficiency 75%. 


7. (a)Why balancing of rotating parts is necessary for high speed engine? Explain 
the method of balancing of different masses revolving in the semi plane. 


(b) Define in short free, forced and damped vibrations. 


8. (a) differentiate among line , line and staff and functional organizations with 
their relative merits and demerits. 


(b) What are the objectives of personal management? Describe function of a 
manager in a typical business organization. 


4x2=8 


10 


10 
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[N.B.- Answer any five questions. The figures in the margin indicate full marks. ] 


1. (a) Define second law of thermodynamics and show that no heat engine can be 
more efficient than a reversible heat engine working between the same temperature 
limits. 


(b) What is Rankine cycle? Where it is use and why? Explain. 


2.(a) Illustrate the following thermodynamics processes with examples :- 
(i) Isothermal; 

(ii) Adiabatic; 

(iii) Polytropic. 


(b) What is fuel? How fuel are classified? 


(c) Define a steam boiler. Discuss the advantages of water tube boiler over fire 
tube boiler. / 


3. (a) Illustrate the different processes of heat transfer and derive their heat flow 
equations. 


(b) Room air is maintained at 22°C and outside air at 32°C. The room has 250mm 
thick brick wall consider Kwa=0.70W/m°C and hair=10W/m?°C. Find heat flow 
through the wall per unit area .(Neglect the effect of radiation) 


4. (a) What is Refrigerant? Name different types of refrigerant. Mention important 
characteristics of refrigerant. 


(b) Differentiate between window type air cooler and split type air Cooker Can an 
air cooler be converted into a heat pump? Is so how? 


6. (a) Distinguish between film wise condensation and drop wise condensation. 
(b) Discuss briefly the bubble growth and collapse in nucleate boiling. 


(c) Explain the working principle of a heat pipe with necessary sketch. 


Marks 
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7. (a) What is matrix organization? How does it differ from project organization? 10 
(b) Differentiate between training and development. Describe the different sources 10 
of recruitment in Bangladesh. 

8. Write short notes (any five) :- 4x5=20 


(i) Condensation number; 

(it) Regression analysis; 

(iii) Technology management; 
(iv) Jig and fixture; 

(v) Laser beam welding; 


(vi) Different types of sensing elements. 


Qve 
4a8 
MECHANICAL ENGINEERING 
Second Paper 
Subject Code: 902 
Time Allowed-3 hours 
Full Marks-100 


[N.B.- Answer any five questions. The figures in the margin indicate full marks. ] 


Marks 
1. (a) Compare MIG and TIG welding process. 8 
(b) List different tests which are carried out to detect defects in a weldment. 12 
Describe briefly one non-destructive NDT Test. 
2. (a) What factors will greatly influence the cutting tool material and geometry? 4 
(b) Why it is possible to remove metal more efficiency at heavy feeds than heavy 8 
depth of cut? 
(c) How is shear plane angle affected in cutting with variable chip thickness? 8 
3. (a) Explain permeability number in molding sand. 5 
(b) Describe briefly the different steps in shell molding process. 8 
(c) Discuss some of the common casing defects. 7 
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4. (a) Discuss briefly “knocking” in SI engine. 
(b) What is cetane number? Explain ignition delay in an I.C engine. 


(c) Explain the differences between supercharging and turbocharging. 


kL nH CO AX 


5. (a) What are the causes and effects of vibrations? 


(b) Explain why only a part of unbalanced force due to reciprocating masses is 10 
balanced by removing mass. 


(c) Write short notes on primary and secondary balancing. 6 
5. (a) What is prancing? How it is done? 5 


(b) Water flow through a 100 mm diameter pipe. A venturimeter with a U tube 15 
manometer is connected to it to monitor its flow. The throat diameter of the 
venturimeter is 60 mm, the specific gravity of manometric fluid is 13.6, the 
coefficient of discharge is 0.32. Find the flow rate in m°/hr for the manometric 
deflection of 300 mm. Deduced the equation you use. 


6.Illustrate the following terms with DECESSaLY sketches :- 4x5=20 
(i) Boundary layer 

(ii) Displacement thickness 

(iii) Momentum thickness 

(iv) Potential flow 

(v) Developed flow 


7.Expalin the following terms :- 4x5=20 
(i) Principle stress : 

(ii) Shear stress 

(iii) Bearing stress 

(iv) Hoop stress 

(v) Thermal stress 


8. (a) Consider a cantilever beam loaded by a concentrated load at the free end 10 
together with a uniform load distributed over the half length of the beam from the 
fixed support. Draw the shear force and bending moment diagram. 


(b) Draw the head discharge and efficiency discharge curve of a centrifugal pump 10 
and show the position of maximum head and maximum efficiency. 
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[N.B.- Answer any five questions. The figures in the margin indicate full marks. ] 


1. (a) How steam generators are classified? 


(b) Discuss briefly the working of an Economiser in a Boiler Plant giving a neat 
sketch. 


(c) What is meant by Boiler mountings? What are their functions? 


(d)The following observations were made in a boiler trial: Coal used 250kg of 
calorific value 29,800KJ/kg, dryness fraction of steam 0.95, feed water temperature 
34°C, water evaporated 2000kg and steam pressure of 11.5 bar. Calculate the 
equivalent evaporation “from and 100°C” per kg of coal and efficiency of the 
boiler. 


2. (a) Explain the three Laws of thermodynamics. 


(b) What do you understand by Enthalpy? Show that for a constant pressure 
process, the heat supplied to the gas is equal to the change of enthalpy. 


3. (a) Explain the important components of a simple vapor compression 
refrigeration system. Also discuss the function of all components. 


(b) Define primary and secondary refrigerant with examples. What are the 
properties of a good refrigerant? 


4.(a) Explain the following terms in connection with design of machine member 
subjected to variable load:- 


(i) Endurance limit; 

(11) Size factor; 

(iii) Surface finish factor; 
(iv) Notch sensitivity. 


(b) What is equivalent length of a column? Write the relation between length and 
actual length of a column for various conditions. 
(c) Why do surfaces absorb differently for solar or earthbound radiation? 


Marks 
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5. (a) Distinguish between forced convection and free convection. 6 
(b) What is Tonne of refrigeration and COP? 4 
(c) Define Newton’s law of Cooling. Deduce the equation of heat transfer by 10 


steady state condition through a slab. 

6. (a) What is “fit”? Name three types of fits with their uses giving sketch. 6 
(b) What are the differences between basic size and normal size? 4 
(c) Find the thickness of the metal, necessary for a steel cylindrical shell of 1 
internal diameter 15 cm to withstand an initial pressure of 500 kg/cm’. The 

maximum hoop stress in the section is not to exceed 1500kg/cm’. 


7. (a) What is priming? 3 

(b) Explain different methods of priming. 8 

(c) Explain the following terms:- (i) Manometric head (11) Pump Losses (iii) Pump = 3x3=9 
efficiency. 

8.Write short notes :- 4x5=20 
(a) Kirchhoff’s Identity; 

(b) Rankine Cycle; 

(c) Cavitation; 


(d) Rotodynamic machine; 
(e) Zeroth law of thermodynamics. 
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[N.B.- Answer any five questions. The figures in the margin indicate full marks. ] 
Marks 


1. (a) Interpret the physical significance of static balancing and dynamic 8 
balancing of a rotating mass. 


(b) Why balancing of rotating parts is necessary for a high speed machanics? 
(c) Write short notes on primary and secondary balancing. 


2. (a) Describe the relative merits and demerits of rope , belt and chain drive 
for transmission of power. 


(b) Distinguish among the spur , bevel and spiral gear. 6 
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(c) Illustrate briefly epicyclic gear trains with its special advantages over other 
gear trains. 


3. (a) Discuss the important qualities of SI and CI engine fuel. 


(b) Why knocking/detonation occurs in IC engine? How to suppress it. 
Explain. 


(c) Explain why water is injected in a gas turbine? 


4. (a) What are the functions of a condenser in a stream power plant? Why is 
the temperature rise of cooling water restricted? 


(b) What factors control the selection of particular type of nuclear reactor? 


(c) What do you mean by diversity factor? What are the elements which 
contribute the cost of electricity? 


5. (a) What are hydrodynamic and thermal boundary layers? 

(b) Define the term ‘boiling’. Differentiate between pool boiling and forced 
convection boiling. What is burnout point? 

(c) What is Grashoff number important in free convection heat transfer? What 
are the criteria to determine laminar or turbulent flow in free convection heat 
transfer? 

6. (a) Differentiate between air cooling and air conditioning. 

(b) Explain in brief cooling with humidification process. Show this process in 
the psychometric chart and explain how is the same achieved in practice. 

(c) What are the major heat loads in an office room? 

7. (a) What are the common sand casting defects? Discuss briefly. 

(b) Distinguish among the welding, soldering and brazing. 

(c) What is up milling and down milling? Describe their relative advantages 
and disadvantages. 

8. (a) What are the various possible source of errors in measurement? What is 
meant by cosine error? 

(b) What is meant by interchangeable manufacturing? How is it different from 
selective assembly? 

(c) How quality assurance is made? What is ISO 9000 series? 
How to get ISO certification? - 
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1. (a)State second law of thermodynamics. What is the perpetual motion of 4.5 
second kind and why it is impossible? 

Second law: Fundamentals of Mechanical Engineering Vol-1; chapter-1 

Perpetual motion machine of second kind: A heat engine which violates the second law of 
thermodynamics that means heat engine which converts whole of the heat energy into 
mechanical work is called perpetual motion machine of second kind. It is 100% efficient 
machine. 

Why it is impossible? 

PMM2 suggests a machine which could produce work, while continuously absorbing heat 
from a reservoir or source. 


. Heat Source 


W=Q 


Figure: PMM-2 

But PMM-? violates the second law of thermodynamics, because second law means that heat 
being a low-grade energy can never be converted into work with 100% efficiency. While 
work being a high-grade form of energy can be completely converted into heat. 
Mathematically, when work is converted into heat, we always have: 

W=Q 
While when heat is converted to work in a complete closed cycle process, we have: 

Q>W 
Therefore whenever any machine will absorb heat to produce work, it will lose/radiate some 
energy to the surrounding (also called a sink). 
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Fig: Heat engine 
For example this is a heat engine. It absorbs Qh heat from the Ty reservoir, produces 
work W and radiates/releases Q, amount of heat to the sink Te, 
So, PMM-2 is impossible. 
(b) 0.336m? of gas at 10 bar and at 150 °C expands adiabatically until its 3 
pressure is 4 bar. It is then compressed isothermally to its original volume. 
Find the final temperature and pressure of the gas. , 


Solution: Given: P, = 10 bar and T, = 150°C = 423K; P, = 4 bar 
Final temperature of gas T, =? 
We know for adiabatic process 


Pes (By 
PR AT 
1.4 
4 _ (72 \14-1 
5 7 (3) 


“ Ty = 325.57 K (Answer) 
We know for constant volume process, [T, = T3] 


Pi _ P3 ; _ PyxXT3z _ 10X325.57 
el . Pp = ee ee 7.7 bar (Answer) 
2. (a) Differentiate between water tube boiler and fire tube boiler. 6 


Answer: Already discussed. 

(b)What are the functions of a super heater and economizer in a steam 6.5 
generator? : 

Answer: Superheater: Super heater is a device used for drying wet steam and then 
increasing temperature of the dry steam without increasing its pressure by utilizing the heat 
of combustion product. 
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Economizer: Economizer is a device used for heating feed water which is supplied to the 
boiler by utilizing heat in the exhaust flue gases before leaving through the chimney. 

3. (a) Define thermal conductivity. Derive an expression for temperature 4.5 
distribution under one dimensional steady state heat conduction for the plane 

wall. 

Thermal conductivity: Already discussed 


Derivation: 
Cotd 
fluid 
one Na 2 
Hat x=0 x=L 
fluid 


The differential equation governing heat diffusion is: = (k 4) = 0 


With constant k, the above equation may be integrated twice to obtain the general solution: 
T(x) =Cyx + Cz 
Where C, and C, are constants of integration. To obtain the constants of integration, we apply 
the boundary conditions at x = 0 and x = L, in which case 
T(0) = T,, and T(L) = T;2 
Once the constants of integration are substituted into the general equation, the temperature 
distribution is obtained: 
T(x) = (Ts, — Tsa) 7 + Ts 
The heat flow rate across the wall is given by: 
dT KA 

ax = ax are tee 1 s Ts2) = = Sera 
(b) Calculate the roll of heat flow eee 100 mm thick plywood wall, if the 8 : 
temperatures of the inside and outside surfaces are 15°C and 24°C respectively. 
Take thermal conductivity of plywood as 23.2 w/m.k. Consider unit area. 
Solution: 
Given: Thickness, x = 100mm = 0.1mand_ T, —T; = 24°C —15°C = 9K 
k = 23.2 w/mK 
We know that 
Q = kAS = 23.2 x 1 x = = 2088 w/m? (Answer) 
4. (a) How does thermal radiation differs from other types of electromagnetic 4.5 
radiation? What is meant by radiation safe factor? 
Answer: All electromagnetic radiation propagates at the speed of light. Thermal radiation is 
that type of electromagnetic radiation emitted by a body as a result of its temperature. 
Thermal radiation lies in the range from about 0.1 to 100um. The propagation of thermal 
radiation takes place in the form of discrete quanta. Each quantum has an energy of E = 
hu. Where fh is the plank’s constant. The radiation can be considered as flow of photon gas 
from one place to another. 
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Radiation shape factor: It is the fraction of radiation leaving one surface that strikes another 
surface directly. 

(b) Why do surfaces absorbs differently for solar or earth bound radiation? 8 
Explain the greenhouse effect. 

Answer: The radiation spectrum of the sun is concentrated in the short wavelength region. 
Hence the real surfaces may exhibit substantially different absorption properties for solar 
radiation than for long wavelength earthbound radiation. 

Greenhouse effect: The greenhouse effect is the process by which radiation from a planet's 
atmosphere warms the planet's surface to a temperature above what it would be without this 
atmosphere. 

Working of Greenhouse effect: 

Solar energy absorbed at Earth’s surface is radiated back into the atmosphere as heat. As the 
heat makes its way through the atmosphere and back out to space, greenhouse gases absorb 
much of it. Greenhouse gases are more complex than other gas molecules in the atmosphere, 
with a structure that can absorb heat. They radiate the heat back to the Earth's surface, to 
another greenhouse gas molecule, or out to space. There are several different types of 
greenhouse gases. The major ones are carbon dioxide, water vapor, methane, and nitrous 
oxide. These gas molecules all are made of three or more atoms. The atoms are held together 
loosely enough that they vibrate when they absorb heat. Eventually, the vibrating molecules 
release the radiation, which will likely be absorbed by another greenhouse gas molecule. This 
process keeps heat near the Earth’s surface. Most of the gas in the atmosphere is nitrogen and 
oxygen, which cannot absorb heat and contribute to the greenhouse effect. 

5. (a) Name methods of measuring liquid flow rate in (i) closed pipe and (ii) in = 4.5 
open channel. 

Methods of measuring liquid flow in closed pipe: The following is a comprehensive list of 
available technologies that can be used to monitor flows. 

1. Velocity meter: 

i) Turbine meters 

ii) Propeller meters 

i11) Vortex meters 

iv) Magnetic flow meters 

v) Ultrasonic flow meters 

vi) Calorimetric meters 

2. Differential pressure technologies: 

i) Elbow meters 

11) Orifice plates 

iii) Flow nozzle 

iv) Venturi meters 

v) Flow tubes 

v1) Target meters 

vii) Pitot tubes 

Methods of measuring liquid flow in open channel: Some of the more common methods 
currently in use to measure open channel flows are; 
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i) Timed Gravimetric 

ii) Tracer-Dilution 

ili) Area-Velocity 

iv) Manning’s Equation 

v) Hydraulic Structures (Flumes & Weirs) 

(b) A vertical gate AB shown in figure 5(b) closes a rectangular opening of size 8 
3m X2.5m and is pivoted at A. Find the weight W to keep the gate closed h=4.5 

m. 


Solution: 
Total force, F= wAX=98103X2.5x(1.5 + =) = 220.725KN 


1 
Centre of pressure = X + a (1.5 + =) tin ee 3.25 


YMa =0 
220.725x1.75=Wx1 
=> W = 386.3KN (Answer) 


6. (a) Compare the functions of water pumps and water turbines. Mention the 6 
names of two types of pumps and two types of turbines stating their uses and 
limitations. 


Water turbines 


Pump converts Mechanical energy into Turbine converts hydraulic energy into 
hydraulic energ Mechanical energy. 
Pump adds energy to the liquid. Turbine extract energy from the liquid 


In pump, flow takes place from low In turbine, flow takes place from high 
pressure towards high pressure. pressure side to low pressure side. 


In pump, flow is decelerated. In turbine, flow is accelerated 


¢ 
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Two types of pump: 
1. Centrifugal pump 
Uses: i). Water supply & irrigation 
ii). used for lifting low viscous liquid. 

iii). It is used for large discharge through small head 
Limitation: 
i) Efficiency is low 
ii) Not suitable for high head 
2. Reciprocating pump: 
Uses: i) It is used for lifting high viscous liquid. 

ii) Pneumatic pressure system 

iii) Used for high head and small discharge. 
Limitation: 
i) Discharge is fluctuating and pulsating 
ii) High maintenance and installation cost 
Two types of turbine: 
1. Impulse turbine ( pelton wheel): 
Uses: 
i) Pelton turbine, where the water available at the high head is from 150 m to 2000 m ina 
hydroelectric power plant. 
ii) It is also used as set up in the labs of Educational Institutions. 
Limitation: 
i) It requires high head for operation 
ii) Turbine size is generally large 
ili) Its efficiency decreases quickly with time 
iv) Due to high head it is very difficult to control variations in operating head 
2. Reaction turbine (Francis turbine): 
Uses: ‘ 
i) Large Francis turbine is individually designed for the site to operate at the highest possible 
efficiency, typically over 90%. 
ii) In addition to electricity production and they may also be used for pumped storage; 
Where reservoir is filled by the turbine (acting as a pump) during low power demand, and 
then reversed and used to generate power during peak demand. 
ili) Francis turbine may be designed for a wide range of heads and flows. This, along with 
their high efficiency, has made them the most widely used turbine in the world. 
Limitation: 
i) The water which is not dirt free can cause extremely rapid wear in a high head Francis 
turbine. 
ii) As a spiral casing is stranded, the runner is not simply available. Therefore dismantle is 
hard. 
iii) The repair and inspection are much harder reasonably. 
iv) Cavitation is an ever-present hazard. 
v) Current losses are certain. 
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(b) Which type of water turbine is used in Kaptai Hydroelectric and which type 6.5 

of pump is used in G.K project and why? 

Turbine type: Kaplan 

Kaplan turbines could technically work across a wide range of heads and flow rates, but 
because of other turbine types being more effective on higher heads, and because Kaplan's 
are relative expensive, they are the turbine of choice for lower head sites with high flow 
rates. 

Pump type: Vertical turbine pump. [This information is not from a 100% reliable 
source] 


7. (a) Name various types of stresses in a loaded beam. Explain flexure stress 6 
and shear stress. 

Various stresses: 

i) Normal stress 

ii) Shear stress 

iii) Bending stress 

iv) Torsional stress 


Flexure stress: When an object formed of a single material, like a wooden beam or a steel 
rod is bent, it experiences a range of stresses across its depth. At the edge of the object on the 
inside of the bend (concave face) the stress will be at its maximum compressive stress value. 
At the outside of the bend (convex face) the stress will be at its maximum tensile value. 
These inner and outer edges of the beam or rod are known as the ‘extreme fibers’. Most 
materials fail under tensile stress before they fail under compressive stress, so the maximum 
tensile stress value that can be sustained before the beam or rod fails is its flexural strength. 
The flexural strength would be the same as thetensile strengthif the material 
were homogeneous. 


When a material is bent only the extreme fibers are at the largest stress so, if those fibers are 
free from defects, the flexural strength will be controlled by the strength of those intact 
‘fibers'. However, if the same material was subjected to only tensile forces then all the fibers 
in the material are at the same stress and failure will initiate when the weakest fiber reaches 
its limiting tensile stress. Therefore, it is common for flexural strengths to be higher than 
tensile strengths for the same material. 


Shear Stress: When a body is subjected to two equal and opposite forces, acting tangentially 
across the resisting section, as a result of which the body tends to shear off the section, then 
the stress induced is called shear stress. 


For example: Buy any jelly from a store. Now just take it out and put it on a plate. Now just 
try to flick it with your finger like how we hit the striker in carrom. This force that you are 
now applying near to the topmost surface of jelly is the shear force. 
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As jelly is semisolid, it will show some elastic deformation at the instant of application of 
force, but will then quickly get back to its original position. This is the shear strain (though 
existent for a few seconds only) 


The resistance that you experience while this entire activity on your fingertip is nothing but 
shear stress developed. 

(b) Explain torsional stress and centrifugal stress. 6.5 
Torsional Stress; When a machine member is subjected to the action of two equal and 
opposite couples acting in parallel planes (or torque or twisting moment), then the machine 
member is said to be subjected to torsion. The stress set up by torsion is known as torsional 
shear stress. It is zero at the centroidal axis and maximum at the outer surface. 


Consider a shaft fixed at one end and subjected to a torque (T) at the other end as shown in 
Fig. As a result of this torque, every cross-section of the shaft is subjected to torsional shear 
stress. We have discussed above that the torsional shear stress is zero at the centroidal axis 
and maximum at the outer surface. The maximum torsional shear stress at the outer surface 
of the shaft may be obtained from the following equation: 


] 


t T C8 
r J 


t = Torsional shear stress induced at the outer surface of the shaft or maximum shear stress, 
r = Radius of the shaft, 

T =Torque or twisting moment, 

J =Second moment of area of the section about its polar axis or polar moment of inertia, 
C =Modulus of rigidity for the shaft material, 


| =Length of the shaft, and 
6 = Angle of twist in radians on a length | 


Figure: Torsional shear stress 


Centrifugal stress: The stress caused by centrifugal force is called centrifugal stress. 
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8. (a) Discuss the relationship among load, shear stress and bending moment. 4.5 
Answer: 
we know that _ 


Load= < :. the rate of change of the shearing force with respect to x is equal to the 
load or the slop of the shear diagram at a given point equals the load at that point. 


yv=™ «the slop of the moment diagram at a given point equals the shear force at 


dx 
that point. 
(b) Draw the shear force and bending moment diagram for the following : 8 
W,=2KN/m )P=8KN 
je-3m 9m ————r4¢—-3m- 
20KN 12KN 
Answer: 
W,=2KN/m ;P = 8KN 


20KN 12KN 


-9KN.m 


9.(a) Draw the schematic diagram of a vapor compression refrigeration system. 8 
State the function of each of the component show the thermodynamic process 
on a pressure enthalpy diagram. 
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Answer: Fundamentals of Mechanical engineering vol.-1, chapter-6 
(b) State why capillary tube used in a domestic refrigerator instead of 4.5 
expansion valve. 


Reasons of capillary tube use: 
1. The cost of capillary tube is less than al] other forms of expansion devices. 


2. When the compressor stops, the refrigerant continues to flow into the evaporator and 
equalizes the pressure between the high pressure side and low pressure side of the system. 
This considerably decreases the starting load on the compressor. Thus a low starting torque 
motor can be used to drive the compressor, which is a great advantage. 

3. Since the refrigerant charge in a capillary tube system is critical, therefore no receiver is 


necessary. 


10. (a) Distinguish between circumferential stress the longitudinal stress ina 4.5 
lindrical shell when subjected to an internal pressure. 
Circumferential stress Longitudinal stress 


It acts in the tangential direction of the It acts parallel to the axis of the cylindrical 
shell 


(b) 3m diameter spherical vessel is subjected to an internal pressure of of 2 8 
N/mm”. Find the thickness of the plate required if the maximum stress is not to 
exceed 80 N/mm? 

Solution: Given; 

D=3m and P=2N/mm? = 2x 10°N/m? 

6, = 80 N/mm? = 80 x 10° N/m? 


c 


We know that 
oat «t= P2 = 2 = 0.0375 m (Answer) 
2t 20, 2x80 
11. (a) What is fit? Discuss different types of fits. 6 


Fit: Fit is defined as a degree of tightness or looseness between two mating parts to perform 
definite function when they are assembled together. 

Different types of fits: 

1. clearance Fit: In this type of fit the shaft diameter is always less than the hole diameter 

F or any hole and shaft assembly, if the upper limit size of the shaft is less than the lower Limit 
size of the hole then that type of fit is known as clearance fit. Shaft can freely slide or rotate 
in the hole. Force is not required for this fit. 

2. Transition Fit: If the maximum hole size is greater than smaller size of shaft or minimum 
hole size is lesser than maximum size of shaft, such type is called transition fit. This type of 
fit lies midway between clearance fit and interference fit and it may sometimes provide 
clearance fit and sometimes interference fit. For may or may not be required. 

3. Interference Fit: In this type of fit the minimum diameter of the shaft is always greater 
than the maximum diameter of the hole. There is no relative motion between shaft and hole. 
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Force is required for this fit (either heating the hole or freeing the shaft). 


(b) Define slenderness ratio. How it is used to define long and short column? _ 6.5 
Slenderness ratio: It is the ratio of length of the column to the least radius of gyration. 
To define long and short column: 
i) If slenderness ratio is more than 80, then column is long. 
ii) If slenderness ratio is less than 80, then column is short. 
12. (a) Differentiate between:- 3x3=9 
e intensive property and extensive property 
e reversible process and Irreversible process 
e modulus of elasticity and modulus of rigidity 


Extensive properties are those that are 
independent of size and mass dependent on size and mass of the sytem 


It is used to determine the identity of the 
system system 

The process is carried out infinitesimally | It is carried out rapidly 

disturbed completion of the process 


It takes infinite time for completion It takes finite time for completion 


Work obtained in this process is maximum | Work obtained in this process is not 
maximum ‘ 


Modulus of rigidi 
Forces acting the surface parallel laterally 
to it 


Effective only for elastic deformations Effective for both non-elastic and elastic 
deformations 

The object in the deforming force either | One of the exteriors of the object becomes’ 

gets shortened or lengthened displaced concerning another surface 


(b) What is stagnation pressure and how it is measured in a flow field? 3.5 
Stagnation pressure: In fluid dynamics, stagnation pressure (or pitot pressure) is the static 
pressure at a stagnation point in a fluid flow. At a stagnation point the fluid velocity is zero. 
In an incompressible flow, stagnation pressure is equal to the sum of the free-stream static 
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pressure and the free-stream dynamic pressure. 
Measurement: The magnitude of stagnation pressure can be derived from Bernoulli’s 
equation. For incompressible flow and no height changes. For any two points | and 2: 


1 1 
P, +>pVi = Pp +5pV2 
1 y2 1 Q2 
Pstatic + 3 pV* = Pstagnation =] 3 p0 


1 y2 
Pstagnation = Pstatic + 2 pv 
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1. (a) What are various types of gear train? Briefly explain an epicyclic gear train 6 
but mentioning its use and advantages. 
Answer: Various types of gear train are: 

1. Simple gear train 

2. Compound gear train 

3. Reverted gear train 

4. Epicyclic gear train 
Epicyclic gear train: A simple epicyclic gear train shown in the figure where a gear A and 
the arm C have a common axis at point 0, about which they can rotate. The gear B meshes 
with gear A and has its axis on the arm at point 0, about which the gear B can rotate. Ifthe 
arm fixed, the gear train is simple and gear A can drive gear B or vice-versa, but if gear A is 
fixed and the arm is rotated about the axis of gear A then the gear B is forced to rotate upon 
and around gear A. such a motion is called epicyclic and the gear trains arranged in such a 
manner that one or more of their members move upon and around another member are 
known as epicyclic gear trains. The epicyclic gear trains may be simple or compound. 

tT 


por B 


Fig: Epicyclic gear train 
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(b)Derive the condition for transmitting the maximum power in a flat belt drive. 6.5 
Why balancing of rotating parts of engine is necessary? 

Condition for transmitting maximum power: 

We know that power transmitted by a bely, P = (T; — T2)v 

Where, T, = Tension in the tight side of the belt in newtons 

Tz = Tension in the slack side of the belt in newtons 

v = velocity of the belt in m/s 


Ti T 
W — = ehé = 
e know , = = e® or T, ore 


2 
Now, P = (7, -=3)v=7, (1-)v=t, xCxv 
1 

Where, C = (1 ~ =a) 
We know that, T; = T—- T, 
Where, T = maximum tension to which the belt can be subjected in newtons and 
T, = centrifugal tension in newtons 
Substituting the value of T,, we get P = (T — T,)vC 

= (T—m.v?)v.C 

= (T.v—m.v*)C 
For maximum power, differentiate the above expression with respect to v and equate to zero, 
1.€. 

dP d . 
ie 0 or a (T.v —m.v?)C 

“ T —3mv2 = 0 orT— 3T, = OorT = 3T, 
It shows that when the power transmitted is maximum, 1/ 3" of the maximum tension is 
absorbed as centrifugal tension. 
Necessity of Balancing: Balancing of rotating parts is important. Unbalanced mass create 
shaking force and shaking couple on rotating parts. Undesirable vibration and sound 
generate. Also stress developed in the rotating parts. So, balancing is essential. 
2.(a) Why balancing of the rotating parts of engine is necessary? 3 
Answer: Necessity of Balancing: Balancing of rotating parts is important. Unbalanced mass 
create shaking force and shaking couple on rotating parts. Undesirable vibration and sound 
generate. Also stress developed in the rotating parts. So, balancing is essential. 
(b) What do you understand by static balance and dynamic balance? 4 
Answer: 
Static balance: Static balance is the ability to maintain postural stability and orientation 
with center of mass over the base of support and body at rest. 
Dynamic balance: Dynamic balance is the ability to maintain postural stability and 
orientation with center of mass over the base of support while the body parts are in 
motion. 
(c) Deduce an expression for the natural frequency of free transverse Vibration a5 
by equilibrium method. 
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Answer: 


Mean position, = iy. 


= | 
x 
Position after —. ++ panes \. Y 
time t tot 


Fig. Natural frequency of free 
transverse vibrations. 

Where, 

« s= Stiffness of shaft 

e« §= Static deflection due to the weight of the body 

e x= Displacement of the body from the mean position after time t 

e m= Mass of body = W/g (Shaft mass is neglected in this case) 
Now, let’s see the body is in the equilibrium position, the gravitational pull given by 


W=mxXg 
This gravitational pull will be balanced by the shaft stiffness. so that we can write 
W=sx5 


Let’s give a displacement to the mass m by a distance x from its equilibrium position. 
The restoring force will be 

W — s(d +x) 

= W-—sd—sx 

=~sxx; (W=s~x 5) 

Taking upward force as negative 

and accelerating force will be the Mass x Acceleration 


taking downward force as positive 

From the above two equations of motion of the body of mass m after time t is given by 
d?x 

mMX—>=-SXx 


dt2 
d?x 


=>mx-—>-+sxx=0 
dt? 


From the fundamental equation of the simple harmonic motion of the body is 


d2 
a + w?x =0 
So equating these two similar equations will get us 
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iE 
O= |—- 
m 
-. Time period 

27 m 
tp os 27 - 
The natural frequency 


st Bet ES ace of 
fa = aR E = f (Answer) 


3.(a) Classify internal combustion engine according to valve location. 2.5 
Answer: 
In line 
V shape 
Radial 
Opposed cylinder 

5. Opposed piston 
(b) Explain the knocking mechanism of spark ignition engine. 4 
Answer: Knocking in spark ignition internal combustion engines occurs when combustion of 
some of the air/fuel mixture in the cylinder does not result from propagation of the flame 
front ignited by the spark plug, but one or more pockets of air/fuel mixture explode outside 
the envelope of the normal combustion front. The fuel-air charge is meant to be ignited by 
the spark plug only, and at a precise point in the piston's stroke. Knock occurs when the peak 
of the combustion process no longer occurs at the optimum moment for the four stroke cycle. 
The shock wave creates the characteristic metallic "pinging" sound, and cylinder pressure 
increases dramatically. Effects of engine knocking range from inconsequential to completely 


destructive. 
i 
ae Ae 
A D 
BDC TDC BDC 


Pe 


B Time ——> 
(a) Normal Combustion (b) 
LN Ignition : 
By D 
Vg BDC TDC BDC 


Time ~~? 


(d) 


Combustion with Knocking 
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(c) What are the factors to be considered in the design of combustion Chamber of 6 
CI engine? Explain them. 

Answer: Z 

1. High thermal efficiency. 

2. Ability to use less expensive fuel (multi-fuel). 

3. Ease of starting. 

4. Ability to handle variations in speed. 

5. Smoothness of operation 1.e. avoidance of diesel knock and noise. 

6. Low exhaust emission. 

7. Nozzle design. 

8. High volumetric efficiency. 

9. High brake Mean effective pressure. 

4. (a) Why cooling towers are used in steam power plants? Compare forced draft 4.5 
cooling tower with and induced draft cooling tower. 

Answer: 

Use of cooling tower: A cooling tower is a heat rejection device, which extracts waste heat to 
the atmosphere though the cooling of a water stream to a lower temperature. The type of heat 
rejection in a cooling tower is termed "evaporative" in that it allows a small portion of the 
water being cooled to evaporate into a moving air stream to provide significant cooling to the 
rest of that water stream. The heat from the water stream transferred to the air stream raises 
the air's temperature. 


(b) the daily load of power station is given below: -- 8 
Load 20 10 | 16 70 20 
(MW) 


(i) Plot the load curve and find the load factor. 

(ii) What is the use factor of this plant serving this load if its capacity is 100 MW? 
Answer: Same as Question-1, North West Power Generation Company Limited (NWPGCL) 
5.(a) What is natural convection? What are the application of natural convection? 3 
Answer: Natural convection: Natural convection, known also as free convection is a 
mechanism, or type of mass and heat transport, in which the fluid motion is generated only 
by density differences in the fluid occurring due to temperature gradients, not by any external 
source (like a pump, fan, suction device, etc.). 

Applications of natural convection: Heat transfer by natural convection inside the tube 
(circular or square) has a large number of applications in industries. These include solar 
water heating systems; cooling of gas turbine blades, heat exchangers etc. 


(b) What is Grashof number? Why it is important in natural convection? Why 4.5 
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heat transfer coefficient is higher in forced convection? 

Answer: 

Grashof number: The Grashof number (Gr) is a dimensionless number in fluid dynamics 
and heat transfer which approximates the ratio of the buoyancy to viscous force acting on a 
fluid. 

Grashof number in convection: Grashofs number represents how dominant is the buoyancy 
force which is responsible for the convection comparing to the viscous forces. 

Heat transfer coefficient is higher in forced convection: The convection heat transfer 
coefficient will usually be higher in forced convection since heat transfer coefficient depends 
on the fluid velocity, and forced convection involves higher fluid velocities. 

(c) Why is boundary layer formed sketch the different boundary layer regimes on 5 

a flat plate. 

Answer: 

Boundary layer: A boundary layeris the layer of fluidin the immediate vicinity of 
a bounding surface where the effects of viscosity are significant. Boundary layer formed for 
the adhesive force between the moving fluid and a solid surface. 


=~ 


Laminar ———><- Transition ><-—_____. Turbulent aot scale 


Fig: Different boundary layer region on plate 
6.(a) Define the cooling load in designing and air conditioning system. What are .6.5 
the components of cooling load in Air Conditioning system? Explain the form 
room sensible heat factor. 
Answer: Cooling load: Cooling load is the rate at which sensible and latent heat must be 
removed from the space to maintain a constant space dry-bulb air temperature and humidity. 
Components of cooling load: The cooling load for the AC generally consists of four parts, 
that is, the transmission load, infiltration load, solar load and internal load. 


Room sensible heat factor: Room Sensible Heat Factor - RSHF - is defined as sensible heat 
load divided by total heat load in a room. 

The Room Sensible Heat Factor - RSHF - expresses the ratio between sensible heat load and 
total heat load in a room. It can be expressed as: 


— Qsr 
RSHF = a 


tr 
Where, RSHF = room sensible heat factor 
Q,r= sensible heat load in room (kW, Btu/hr) 
Qtr= total heat load in room (kW, Btu/hr) 


Fundamentals of Mechanical Engineering BCS QB-31 


(b) Discuss with figure the different types of duct system in Air Conditioning 6 

system. 

Answer: 

1. Flexible ductwork: This type of duct is made of a metal wire coil and is covered with a 
layer of flexible plastic. The flexible air duct also has thermal insulation made of glass 
wool, though other materials like polyethylene or metalized PET. 

2. Rigid ductwork: Rigid ductwork comes in a variety of shapes, size and materials. A rigid 
duct can be customized according to customer needs. They are hard, reliable, safe and 
enduring. 

3. Sheet metal ducts: Usually, Galvanized steel and aluminum are used in the making of this 
type of ductwork, but aluminum is preferred because of its lightweight and ease in 
installing. 

4. Fiberboard ducts: Fiberboard is compressed and resin-bonded fiberglass which is then 
laminated with a foil sheet. This lamination protects them for moisture. A fiberboard air 
duct is mostly preferred for heating and cooling systems because it is insulated. But just 
like fiberglass lined air ducts, these air ducts are not recommended for ventilation as they 
too can become a home to mold and bacteria. 

7. (a) Define welding. Distinguish among soldering brazing and braze welding. 4 

Welding: Welding is a process of joining two similar or dissimilar metals by fusion, with or 

without the application of pressure and with or without the use of filler metal. 

Soldering: Soldering is a joining process used to join different types of metals together by 

melting solder. Solder is a metal alloy usually made of tin and leads which is melted using a 

hot iron. . 

Brazing: Brazing is a metal-joining process in which two or more metal items are joined 

together by melting and flowing a filler metal into the joint, with the filler metal having a 

lower melting point than the adjoining metal. 

(b) How can you specify a lathe machine? 3 

Answer: — ‘ 

1. Distance between live center and dead center 
2. Swing over the bed 

3. Swing over the cross slide - 

4. Bed length 

(c) What is tool life? Derive an expression of economical tool life. 5.5 

Answer: 

Tool life: Tool life is the duration of actual cutting time after which the tool is no longer 

usable. 

A tool life equation was developed by Taylor, and is outlined below, 

VxT" =C 

Where, V= cutting velocity in ft./min 

T=tool life in minutes 

n= a constant based on the tool material 

C= a constant based on the tool and work 

8. (a) Discuss the common error in measurement. 4 
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Answer: 

Common errors in measurement are: 

1. Instrumental: For example, a poorly calibrated instrument such as a thermometer that 
reads 102°C when immersed in boiling water and 2°C when immersed in ice water at 
atmospheric pressure. Such a thermometer would result in measured values that are 
consistently too high. 

2. Observational: For example, parallax in reading a meter scale. 

3. Environmental: For example, an electrical power brown out that causes measured currents 
to be consistently too low. 

4. Theoretical: Due to simplification of the model system or approximations in the equations 
describing it. For example, if your theory says that the temperature of the surrounding will 
not affect the readings taken when it actually does, then this factor will introduce a source of 
error. 


(b) Explain briefly the working principle of 4 
(i) dynamometer 
(ii) strain gauge 
Answer: Dynamometer: A dynamometer is a device for simultaneously measuring the 
torque and rotational speed (RPM) of an engine, motor or other rotating prime mover so that 
its instantaneous power may be calculated, and usually displayed by the dynamometer itself 
as kW or bhp. 
Strain gauge: A strain gauge (also spelled strain gage) is a device used to measure strain on 
an object. A strain gauge takes advantage of the physical property of electrical 
conductance and its dependence on the conductor's geometry. When an electrical 
conductor is stretched within the limits of its elasticity such that it does not break or 
permanently deform, it will become narrower and longer, which increases its electrical 
resistance end-to-end. Conversely, when a conductor is compressed such that it does not 
buckle, it will broaden and shorten, which decreases its electrical resistance end-to-end. 
From the measured electrical resistance of the strain gauge, the amount of induced stress may 
be inferred. 
(c) Discuss briefly the concept of Total Quality Management and total quality 4.5 
control. 
Answer: 
Total quality management: TQM is a continuous process of increasing the quality of the 
output by eliminating waste and the non-value adding activities in the system. In 
organizational perspective, a quality product comes within a quality process, which means 
that quality should be built into the process. TQM consists of organization-wide efforts to 
install and make permanent; a climate in which an organization continuously improves its 
ability to deliver high- quality products and services to customers. 
Total quality control: Total Quality control, or TQC for short, is a process by which entities 
review the quality of all factors involved in production. TQC is concerned with ensuring that 
a product meets the prescribed technical standard of quality, and meets the customer's 
requirements. It involves physical checking of activities at each specified stage of production 
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from receiving materials and manufacturing to testing, packing and shipping. It provides a 
control over the entire production process. 
9.(a) Compare the function of “personnel manager” and those of “general 4.5 
manager (CEQ)”. 
Answer: Functions of Personnel Manager 
e Counsellor 
e Initiating Policies 
e The Advisory Role 
e The Link between the Employees and the Management 
e Representative Role 
e Decision-making Role 
e Mediator Role 
-e Leadership Role 
e Welfare Role 
e Research Role 
Functions of general manager: 
e A general manager is expected to improve efficiency and increase profits while 
managing the overall operations of a company or division. 
e General manager duties include managing staff, overseeing the budget, employing 
marketing strategies, and many other facets of the business. 
e General managers often report to higher-level managers or executives and supervise 
lower-level managers. 
e General managers hold various titles, such as CEO, branch manager, or operations 
manager. 
(b) What is a “Matrix Organization” Discuss it briefly by mentioning examples, 8 
advantages and disadvantages. What is SBU (Strategic Business Unit)? 
Answer: ' 
Matrix Organization: A matrix organization is defined as one in which there is dual or 
multiple managerial accountability and responsibility. However, the term matrix means quite 
different things to different people and in different industries. In a matrix there are usually 
two chains of command, one along functional line and the other along project, product, or + 
client lines. Other chains of command such as geographic location are also possible. 
Advantages of matrix organizational structures 
There are several benefits of ap mene a matrix organizational structure within the 
workplace. These benefits include: 
1. Increased communication efficiency 
Improved employee motivation . 
Increased teamwork 
Maximizes resource usage . 
Increased employee professional development 


WA WD 
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Disadvantages of matrix organizational structures 
While there are many benefits to this type of workplace structure, there are also a few 
disadvantages to consider. These include: 
1. Potential conflict between managers and projects 
2. Authority confusion 
3. Reduced employee effectiveness 
4. Increased management overhead costs 
10.(a) What are various method of technology transfer? Explain briefly- 4 
(i) Turnkey project (ii) Reverse engineering 
Answer: 
Methods of technology transfer: 
e Licensing 
e Support Contract 
e Joint Venture 
e Franchising 
e Strategic Alliance 
e Turnkey Agreement 
e Equipment Acquisition 
e« Management Contract 


Trunkey project: A turnkey project is a type of project that is constructed so that it can be 
sold to any buyer as a completed product. This is contrasted with build to order, where the 
constructor builds an item to the buyer's exact specifications, or when an incomplete product 
is sold with the assumption that the buyer would complete it. 

Reverse engineering: Reverse engineering (also known as backwards engineering or back 
engineering) is a process or method through the application of which one attempts to 
understand through deductive reasoning how a device, process, system, or piece of software 
accomplishes a task with very little (if any) insight into exactly how it does so. 

(b) Discuss Technology life cycle in briefly. Take any related examples to discuss. 4.5 
Answer: 

Technology life cycle: The technology life-cycle (TLC) describes the commercial gain of a 
product through the expense of research and development phase, and the financial return 
during its "vital life". Some technologies, such as steel, paper or cement manufacturing, have 
a long lifespan (with minor variations in technology incorporated with time) while in other 
cases, such as electronic or pharmaceutical products, the lifespan may be quite short. 
Example - Technology Life Cycle in cars 

On March 8, 1866 Daimler designed world’s first four-wheeled automobile. Later, Henry 
Ford made his first car in 1896 called Quandricycle and later on introduced model T, which 
became a success after installing assembly lines in 1913. Many technological changes have 
taken place at very fast pace in cars during last 140-150 years. 


From 2 stroke engine to 4| Sharp Edges to round & 
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Coal gas stroke smooth surfaces _—_— with 
Gunpowder Manual steering to Power | aerodynamics 
Mixture of Hydrogen & | steering From metallic interiors to 
Oxygen Continuous Improvement in | plastic based interiors 
Kerosene features based on electronics 
Petrol / Diesel Car which can run on road 
Electricity and fly 
Future aim: Solar 
(c) Differentiate HRM (Human Resource Management) from personnel 4 
management. 
Answer: 


The branch of managemen 
The aspect of management thatthat focuses on the 


one 


Traditional 
Machines or Tools 


. . 


Routine function trategic function 


Job Evaluation Performance Evaluation 


Transactional Transformational 


Collective Bargaining 
(Contracts 

Piecemeal 

Procedure 


rimarily on mundane activities 
like employee hiring, 
remunerating, training, and 


Treat manpower of the 
organization as valued assets, to 
be valued, used and preserved. 


11.(a) What is casting? Discuss basic features in all casting process. 5.5 
Answer: 

Casting: Casting is a manufacturing process in which a liquid material is usually poured into 
a mold, which contains a hollow cavity of the desired shape, and then allowed to solidify. 
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Processes of casting: 
Basic features in all casting: 


Base feature 
Local feature 
Tooling feature 


Connecting feature and modifier 
(b) What are the common castings defects discuss briefly? 7 


Answer: Common casting defects are: 
1. 


Gas Porosity 

a. Pinholes 

b. Blowholes 

c. Open Holes 
Shrinkage Defects 

a. Open 

b. Closed 

c. Warping 
Mold Material Defects 
Cuts and Washes 
Swells 
Drops 
Metal Penetration 
Rat Tails 
Fusion 
. Run Out 
Pouring Metal Defects 

a. Cold Shot 

b. Cold Shut 

c. Misrun 
Metallurgical Defects 

a. Hot Tears 

b. Hot Spots 

c. Slag inclusion 
Casting Shape Defects 

a. Mismatches 

b. Flash 


moe ae sp 
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12. (a) In how many ways you can make a spur gear? Name the process only. 6.5 
Discuss briefly the gear cutting procedures by milling machine. 


Answer: Ways of spur gear making: 


> Machining 
> Casting 
> Stamping 
> Coining 
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Cold drawing 

Rolling 

Extrusion 

Powder metallurgy 

Plastic molding 

Gear cutting procedure in milling machine: 

The formed milling operations are usually employed for cutting spur gear, but these can be 
employed for cutting every type of gear by using a universal indexing mechanism. The cutter 
is mounted on the spindle in both horizontal and vertical milling machines and rotates while 
the work is mounted on the table and reciprocated under the cutter. Once the cutter finishes 
tooth profile, the work is indexed to the next position, and again the tooth profile is finished 
and so on. 

Gear milling process is employed for coarse pitch gears, racks of all pitches, segment gears, 
worms and toothed parts as sprockets, and ratchets. 

(b)Discuss briefly the testing procedure for welded joint. 6 
Answer: 

There are two types of method for welding joint. 

(i) Destructive testing: 

Tensile Test 

Bend Test 

Hardness Test 

Toughness Testing 

Fatigue Test 

(ii) Non-destructive testing 

Detection of surface flaws 

Visual 

Magnetic Particle Inspection 

Fluorescent Dye Penetrant Inspection 

Detection of internal flaws 

Radiography 

Ultrasonic Testing 

Eddy current Testing 


VVVVV 
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1.(a) What are the impurities content in Cast Iron and what are their effects on 6.5 
cast iron. 

Answer: Impurities Content: 

i) Silicon 

it) Sulphur 

iii) Manganese 

iv) Phosphorous 

Effect on cast iron: Silicon: It may be present in cast iron upto 4%. It provides the 
formation of free graphite which makes the iron soft and easily machinable. It also 
produces sound castings free from blow-holes, because of its high affinity for oxygen. 
Sulphur: It makes the cast iron hard and brittle. Since too much sulphur gives unsound 
casting, therefore, it should be kept well below 0.1% for most foundry purposes. 
Manganese: It makes the cast iron white and hard. It is often kept below 0.75%. It helps to 
exert a controlling influence over the harmful effect of sulphur. 

Phosphorus: It aids fusibility and fluidity in cast iron, but induces brittleness. It is rarely 
allowed to exceed 1%. Phosphoric irons are useful for casting of intricate design and for 
many light engineering castings when cheapness is essential. 

(b) What are the defects in casting a metal? 6 
Defects: There are some defects in casting a metal given below; 

1. Gas porosity: Gas porosity is the formation of bubbles within the casting after it has 
cooled. This occurs because most liquid materials can hold a large amount of dissolved 
gas, but the solid form of the same material cannot, so the gas forms bubbles within the 
material as it cools. Gas porosity may present itself on the surface of the casting as 
porosity or the pore may be trapped inside the metal, which reduces strength in that 
vicinity. Nitrogen, oxygen and hydrogen are the most encountered gases in cases of gas 
porosity. In aluminium castings, hydrogen is the only gas that dissolves in significant 
quantity, which can result in hydrogen gas porosity. 

2. Shrinkage defects: Shrinkage defects can occur when standard feed metal is not 
available to compensate for shrinkage as the thick metal solidifies. Shrinkage defects will 
have jagged or linear appearance. Shrinkage defects usually occur in either the cope or 
drag portion of the casting. Shrinkage defects can be split into two different types: open 
shrinkage defects and closed shrinkage defects. 
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Open shrinkage defects are open to the atmosphere, therefore as the shrinkage cavity 
forms, air compensates. There are two types of open air defects: pipes and caved surfaces. 
Pipes form at the surface of the casting and burrow into the casting, while caved surfaces 
are shallow cavities that form across the surface of the casting. 

Closed shrinkage defects, also known as shrinkage porosity, are defects that form within 
the casting. Isolated pools of liquid form inside solidified metal, which are called hot spots. 
The shrinkage defect usually forms at the top of the hot spots. They require a 
nucleation point, so impurities and dissolved gas can induce closed shrinkage defects. The 
defects are broken up into microporosity and microporosity (or micro shrinkage), where 
microporosity can be seen by the naked eye and microporosity cannot. 

3. Pouring metal defects: Pouring metal defects include misruns, cold shuts and 
inclusions. A misrun occurs when the liquid metal does not completely fill the mould 
cavity, leaving an unfilled portion. Cold shuts occur when two fronts of liquid metal do not 
fuse properly in the mould cavity, leaving a weak spot. Both are caused by either a lack of 
fluidity in the molten metal or cross-sections that are too narrow. The fluidity can be 
increased by changing the chemical composition of the metal or by increasing the pouring 
temperature. Another possible cause is back pressure from improperly vented mould 
cavities. An inclusion is a metal contamination of dross, if solid, or slag, if liquid. These 
usually are impurities in the pour metal (generally oxide, less frequently nitride, carbide, 
or sulfides), material that is eroded from furnace or ladle linings, or contaminates from the 
mould. In the specific case of aluminium alloys, it is important to control the concentration 
of inclusions by measuring them in the liquid aluminum and taking actions to keep them to 
the required level. 

4. Metallurgical defects: There are two defects in this category: hot tears and hot spots. 
Hot tears, also known as hot cracking, are failures in the casting that occur as the casting 
cools. This happens because the metal is weak when it is hot and the residual stresses in 
the material can cause the casting to fail as it cools. Proper mould design prevents this type 
of defect. ‘ 
Hot spots are sections of casting which have cooled down more slowly than the 
surrounding material due to higher volume than its surrounding. This causes abnormal 
shrinkage in this region, which can lead to porosity and cracks. This type of defect can be 
avoided by proper cooling practices or by changing the chemical composition of the metal. 


2.(a) Discuss the mechanical properties of metal which are associated with the 6 
ability of the material to resist mechanical forces. 

Answer: Fundamentals of Mechanical Engineering vol.-1, chapter-10. 

(b) Define and discuss in brief the various heat treatment process (at least 3), 6.5 
commonly employed in engineering practice. 

Answer: Fundamentals of Mechanical Engineering vol.-1, chapter-10. 

3.(a) What is Cavitation? Write the demerits of cavitation in hydraulic machine. 6 
Answer: Fundamental of Mechanical Engineering vol-1, chapter-3. 
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(b) A peloton wheel develops 1750 KW under a head of 100 m while running at — 6.5 
200 RPM and discharging to 2500 liters of water per second. What is the unit 

power of the wheel? 

Solution: 

Given; 

Power developed, P = 1750 KW 

Head, H = 100m 


N = 200 rpm 

Q = 2500 L/s = 2.5 m?/s 

We know, 

Unit Power, P,, oF a = = = 1.75 KW (Answer) 

4.(a) Draw stress strain curve for mild steel and level its different points. 4 
Answer: Fundamentals of Mechanical Engineering Vol.-1, chapter-7. 

(b) An aluminum bar is loaded as shown in the following figure. Find the 8.5 


deformation at section B and C:- 


Area = 2500mm2 


Solution: 
Reaction at A and D for load 200 KN; 


Rap = et = 133.33KN and Rp, = 220% = 66.67 KN 
Reaction . A and D for load 150 KN; 
Rag = =50KN and Rp = ~~~ = 100 KN 


Total reactions at A and D, Ra = 183.33 KN and Rp = 166.67 KN 
Resultant force at section B and C,Pg¢ = 200 — 183.33 = 16.67 KN = 16670 N 


PgcxLpc = 16670x1 = 8.335 x 1075m 
AXE 2500x10-6x80x10? ; 


-. Deformation at section B and C, 6 = 
(Answer) 


5. (a) Define principal stress and prove that at the plane of principal stress shear 4 
stress is zero. 

Principal Stress: The normal stresses, acting on a principal plane are known as principal 
stresses. 
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Proof: 


Figure: 1 Figure: 2 


Figure 1 shows a rectangular member of uniform cross-sectional area A and of unit 
thickness. 
Let, P= Axial force acting on the member 

A= Cross-sectional area, which is perpendicular to the line of axis of the force P. 
The stress along x-axis, 0 = 
Hence, the member is subjected to a stress along x-axis 
Consider a cross-section EF which perpendicular to the line of action of the force P. 
Then, area of section EF = EFX1=A _ [ unit thickness] 
The stress on the section EF is given by 

o= ri 

The stress on the section EF is entirely normal stress. There is no shear (tangential) stress 
on the section EF, So the section EF is principal plane. 
Now consider a section FG at an angle 6 with the normal cross-section EF as shown in 
figure 2. 
Area 0 section FG = FG x 1 ( member is having unit thickness) 


.. Stress on the section, FG 
== 
cos 6 
=ocos8 
This stress may be resolved in two components, one is normal components and another is 
tangential (shear) components. 
The normal stress and shear stress on the section FG are obtained as given below; 
Let, P, = force normal to section FG= pcos 8 
P, =Tangential force= p sin 8 
0, = Normal stress 
0; =Shear (tangential) stress 


: cos6 
Normal stress 6, = us z— = a(cos 8)? 


cos8 
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Tangential or shear stress o, = E = © = osin@cos 0 = = sin 28 
cos 8 
Now, if 8 = 0 then FG plane coincide with EF plane and shear stress becomes Zero. So the 


plane becomes principal plane. So the plane has principal stress only. 

So the plane of principal stress shear stress is zero. 

(b) For the beam as shown in the following figure draw the shear and moment 8.5 
diagram:- 


SOKNim 20KNim 


Solution: Mp, = 0 

XMr, = 0 6R, = (100 x 5) + (40 x 1) 
6R, = (40 x5) + (100 x 1) - R, = 90 KN 

“ R2 = 50 KN 


BMD 


6. (a) Draw the rheological diagram for Newtonian fluid, Non-Newtonian fluid = 4.5 
and ideal plastic. 
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Answer: Fundamental of Mechanical Engineering vol.-1, chapter-3. 
(b) From the following figure calculate the rate of fluid flow:- 8 


Air 15KPa 


Solution: Given: 

d = 70mm = 0.07m 

Cq = 0.74, height of oil Z, = 2m and air pressure P = 15 kP, = 15000P, 
Density of oil p = 0.92 x 1000 = 920 kg/m? 

Applying Bernoulli’s equation 


Py - 7 P2 Z 
PB ‘i pg 2g 2 


ie 
moons FOF2= O43 249 


=> 3.66 = 2 


“. Vz = 8.47 m/s 
Rate of fluid flow, 


Q = Cya,V> = 0.74 x 2 x 8.47 = 0.02412 m3/s (Answer) 


7, (a) What are the requipoments of a good shaft coupling? Write the name of 6 
five rigid coupling. 

Requirements of good shaft coupling: 

A good shaft coupling should have the following requirements : 

1. It should be easy to connect or disconnect. 

2. It should transmit the full power from one shaft to the other shaft without losses. 

3. It should hold the shafts in perfect alignment. 

~ 4, It should reduce the transmission of shock loads from one shaft to another shaft. 

5. It should have no projecting parts. 

Five rigid coupling: 

1. Clamp coupling 

2. Flange coupling 

3. Muff coupling 

4, Beam coupling 

5. Bushed pin coupling. 

(b) A circular shaft can transmit at work of 5 KN-m. in the topic is reduced to4 6.5 
KN-m, then what is the maximum value of bending moment that can be applied 

to the shaft? 

Solution: Given; Tax = 5 KN.m 


™x0.072 
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Tmin = 4KN.m 

Moment, M =? 

We know, 

M = V(Thax — Tein) = V (52 — 44) = 3 KN.m_ (Answer) 

8. (a) Define sensible heating and dehumidification. 4 


Sensible heating: The heating of air, without any change in its specific humidity is called 
sensible heating. 

Dehumidification: The removal of moisture from the air, without change in its dry bulb 
temperature is called dehumidification. 

(b) An electric cable of aluminum (K=240 w/mk) is to be insulated with 8.5 
rubber (k=0.15 w/mk). The cable is to be located in air (K=0.15 w/mk). The 
cable is to be located in air (K= 6 w/m’) Calculate the critical thickness of 
insulation. 


Solution: 
Critical thickness of insulation= < = a = 0.025m = 25mm (Answer) 


9.(a) Write the differences between boiler mountings and accessories. 4 


Boiler Mountings Boiler Accessories 


They ensure boiler safet They improve boiler efficienc 
They are essential They are not essential 


Commonly they are mounted on boiler | They are not located in the boiler shell 
shell. 


Boiler is not operated without the} Boiler is run without use of 
mountings. boiler accessories. 


increases boiler performance. : 
Boiler mounting occupies less floor space. 
ereater floor space. 


Example Example 
Pressure Super heater, 
gauge, water Economiser, 
level etc. 
indicator etc. 
(b) In a boiler feed water supplied per hour 205kg, while coal fired per hour 
23kg. The net enthalpy rise per kg of water is 145kJ. If the calorific value of the 8.5 
coal is 2050kJ/kg, then calculate the boiler efficiency (Assume any other data if 
needed). 


Solution: 
Given, m, = 205 kg/h 
m, = 23 kg/h 


h—h, = 145 KJ/ke 
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Calorific value of coal, C = 2050 Kj/kg 
We know, 


; Ms (hh) __ 205X145 
Boiler efficiency= ee = Faxzogo = 0-03 = 63% (Answer) 
f 


10.(a) Draw a neat sketch of a household refrigerator system and explain its 7 
working principle. 

Answer: Fundamentals of Mechanical Engineering vol.-1, chapter-6. 

(b) Write the properties of a good refrigerant. 5.5 
Answer: Fundamentals of Mechanical Engineering vol.-1, chapter-6. 

11(a) For a both end fixed column made of AISI 1020 rolled steel (tensile 8 
strength 650 MPa) find the buckling load under the following condition 
(l=2.5m); 

(i) Column is round with cross sectional area 475 mm” 

(ii) Column i is a circular tube with inner radius 50mm and cross sectional aréa 

475 mm’ 

(iii) Column is rectangle with one side length double the other side length and 
cross sectional area 475mm. 
(b) Define the followings: 4.5 
(i) Shock wave 

(ii) Oblique wave 

(iii) Mack cone 

Shock wave: It is a strong pressure wave in any elastic medium such as air, water or a 
solid substance, produced by supersonic aircraft, explosions, lightning or other phenomena 
that create violent change in pressure. 

Oblique wave: An oblique shock wave is a shock wave that, unlike a normal shock, is 
inclined with respect to the incident upstream flow direction. It will occur when a 
supersonic flow encounters a corner that effectively turns the flow into itself and 
compresses. The upstream streamlines are uniformly deflected after the shock wave. 

Mack cone: Tangent drawn to the different circle on both sides, which represent the 
propagated spherical waves, then a cone is produced called Mack cone. 

Or 

The conical pressure wave front produced by a body moving at a speed greater than that of 
sound. 

12.(a) Define grey body, specular surface and diffuse surface. 4.5 
Grey body: A grey body is defined as one whose absorptivity of a surface does not vary 
with temperature and wavelength of the incident radiation. 

Specular surface: A specular surface is one where each point on the surface is level with 
another. It is a near-perfect flat surface. After reflection from a specular surface, light rays 
are parallel to each other and are heading in the same direction. The wave fronts remain 
unchanged here. 

Diffuse surface: A diffuse surface is one where each point on the surface is on a different 
level than another. It is a jagged surface with varying protrusions and troughs. After 
reflection from a diffuse surface, light rays aren’t parallel to each other but are at an angle, 
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and are heading in different directions. The wave fronts that were previously present are 
now broken and do not exist. 

(b) A composite wall is made of followings: 8 
(i) An inner layer of 20cm thick made of fire clay brick (k=1.47 w/mk) 

(ii) Middle layer made of earth brick of 15cm thick (k=0.24 w/mK) 

(iii) The outer layer with different type of clay 10cm thick (k=0.09 w/mK) 

If the temperature of the inner wall surface is 1050 C and outer wall surface 150 

C, calculate the amount of heat loss through this composite wall. 


Solution: 

Given; 

Inner layer thickness, x; = 20cm = 0.2m and kj = 1.47 w/mK 
Middle layer thickness, x, = 15cm = 0.15m and ky, = 0.24w/mK 
Outer layer thickness, x, = 10cm = 0.1m and k, = 0.09 w/mK 

T; = 1050°C = 1323Kand = T, = 150°C = 423K 


y  T-T 1323-423 
Heat loss, = WEES = 02,015, 01 = 480.73 w/m?2 (Answer) 


ij km Ko 1.47 0.24 0.09 
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Second Paper 
Time Allowed-3 hours 
Full Marks-100 
[N.B.- Answer any five questions. The figures in the margin indicate full marks.] 


1. (a) Define and explain the following:- . 9 
(i) Free vibration (ii) Forced Vibration (iii) Damped Vibration 


Answer: Fundamentals of Mechanical Engineering vol.-1, chapter-8. 


(b) State and explain the primary and secondary balancing of IC engine. 6 


Primary balancing: The primary balance of an engine refers to vibrations which occur at 
the fundamental frequency (first harmonic) of the engine speed. These vibration therefore 
occur at a frequency equal to the crankshaft speed. Primary balance is the balance achieved 
by compensating for the eccentricities of the masses in the rotating system, including the 
connecting rods. Primary balance is controlled by adding or removing mass to or from the 
crankshaft, typically at each end, at the required radius and angle, which varies both due to 
design and manufacturing tolerances. In theory any conventional engine design can be 
balanced perfectly for primary balance. 
Secondary balancing: Secondary balance can include compensating (or being unable to 
compensate) for: 

i)The kinetic energy of the pistons. 

ii) The non-sinusoidal motion of the pistons. 

ili)The sideways motion of balance shaft weights. 
The second of these is the main consideration for secondary balance. There are two main 
control mechanisms for secondary balance - matching the phasing of pistons along the 
crank, so that their second order contributions cancel, and the use of Lanchester balance 
shafts, which run at twice engine speed, and ‘so can provide a counteracting force 


(c) Describe the necessity of balancing of rotating parts for high speed engines. 5 


Necessity: Reasons for balancing of rotating elements of machine: The balancing of the 
moving parts both rotating and reciprocating of such machine is having greater 
importance. Because, if these parts are not balanced properly then the unbalanced dynamic 
forces can cause serious consequences, which are harmful to the life of the machinery 
itself, the human beings and all the property around them. These unbalanced forces not 
only increase the load on the bearings and stresses in various members, but also produces 
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unpleasant and dangerous vibrations in them. 


2. (a) Briefly discuss the requirements for a good compression ignition engine 3 
fuel. — 

Requirement for a good CI engine fuel: 

1. Knock Characteristics: A good CI engine fuel should have short ignition lag and will 
ignite more rapidly to reduce knock. 

2. Volatility: The fuel should be sufficiently volatile in the operating range of temperature 
to produce good mixing and combustion. 

3. Starting Characteristics: The fuel should help in starting the engine easily. 

4. Smoking and odor: The fuel should not promote either smoke or odor in the engine 
exhaust. 

5. Viscosity: CI engine fuel should be able to flow through the fuel system and the 
strainers under the lowest operating temperature to which the engine is subjected to. 

6. Corrosion and wear: The fuel should not cause corrosion and wear of the engine 
components before or after combustion. 

7. Handling ease: The fuel should be a liquid that will readily flow under all conditions 
that are encountered in actual use. 


(b) List the similarities and dissimilarities in combustion process of IC engine. 6 
(c) State the characteristics of premixed and non premixed flames. 4 


Premixed flame: In premixed flame, fuel and oxidizer are mixed before the flame. The 
stoichiometry of the mixture can be controlled by changing the fuel to oxidized ratio and 
an inert gas such as nitrogen may be used to dilute the reactants and alter the flame 
temperature. 

Non-premixed flame: In a non-premixed flame, only fuel is supplied to the burner. The 
oxidizer is supplied from ambient air and the mixing and combustion reactions takes place 
together. The structure of the flame, with its central fuel core and the outer reaction zone 
can be seen by looking at the colors associated with these regions. Soot formed in the 
reaction acts as a black body and the yellow color at the outer and higher regions of the 
flame indicates its present. 


(d) Explain the terms “cogeneration” and “combined power cycle”. Write about 7 
their suitability in context to energy situation in Bangladesh. 

Cogeneration: Cogeneration is the production of more than one useful form of energy 
(Such as process heat and electric power) from the same energy source. 

Cogeneration is a more efficient use of fuel because otherwise-wasted heat from electricity 
generation is put to some productive use. Combined heat and power (CHP) plants recover 
otherwise wasted thermal energy for heating. This is also called combined heat and power 
district heating. Small CHP plants are an example of decentralized energy. By-product heat 
at moderate temperatures can also be used in absorption refrigerators for cooling. 
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Combined power cycle: A combined cycle power plantis an assembly of heat 
engines that work in tandem from the same source of heat, converting it into mechanical 
energy. On land, when used to make electricity the most common type is called a 
combined cycle gas turbine (CCGT) plant. The same principle is also used for marine 
propulsion, where it is called a combined gas and steam (COGAS) plant. Combining two 
or more thermodynamic cycles improves overall efficiency, which reduces fuel costs. 

The principle is that after completing its cycle in the first engine, the working fluid (the 
exhaust) is still hot enough that a second subsequent heat engine can extract energy from 
the heat in the exhaust. Usually the heat passes through a heat exchanger so that the two 
engines can use different working fluids. 

Suitability of cogeneration: It is suitable because; 

i) Cogeneration significantly reduces the carbon emission and energy cost. 

ii) Enhancing operational efficiency to lower overhead cost. 

iii) Reducing energy waste, thereby increase energy efficiency 

iv) Offering greater energy independence by moving a portion of the load off the grid 
Suitability of combined power cycle: 

1. High overall plant efficiency 

2. Low investment costs 

3. Small amount of water required 

4. Great operating flexibility 

5. Phased installation 

6. Simplicity of operation 

7. Low environmental impact 


3. (a) Define with examples : (i) Mechanism and (ii) Inversion mechanism 3 


Mechanism: When one of the links of a kinematic chain is fixed, the chain is known as 
mechanism. 

Example: Engine indicator, typewriter 

Inversion of mechanism: The method of obtaining different mechanisms by fixing 
different links in a kinematic chain, is known as inversion of mechanism. 

Example: The inversion of four bar chain are given below; 

i) Beam engine 

ii) Coupling rod of a locomotive 

Inversion of single slider crank chain; 

i) Bull engine 

ii) Oscillating cylinder engine 


(b) What is quick return mechanism? Draw a schematic of crank shaper quick 7 
return mechanism and explain its use. 
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Quick return mechanism: A quick return mechanismis an apparatus to produce 
a reciprocating motion in which the time taken for travel in return stroke is less than in the 
forward stroke. 

Schematic diagram and explain: 


Connecting ——» Cutting stroxe 
70d \ +-——~ Return stroke 


A 

Fig. Crank shaper quick return mechanism 
This quick return mechanism is mostly used in shaping machines, slotting machines and in 
rotary internal combustion engines. In this quick return mechanism, the link AC (i.e. link 
3) forming the turning pair is fixed, as shown in fig. The link 3 corresponds to the 
- connecting rod of a reciprocating steam engine. The driving crank CB revolves with 
uniform angular speed about the fixed centre C. A sliding block attached to the crank pin 
at B slides along the slotted bar AP and thus causes AP to oscillate about the pivoted point 
A. A short link PR transmits the motion from AP to the ram which carries the tool and 
reciprocates along the line of stroke R)R2. The line of stroke of the ram (i.e. RiR») is 
perpendicular to AC produced. The extreme positions, AP; and AP» are tangential to the 
circle and the cutting tool is at the end of the stroke. The forward or cutting stroke occurs 
when the crank rotates from the position CB, to CBz (or through an angle B) in the 
clockwise direction. The return stroke occurs when the crank rotates from the position CB2 
to CB; (or through angle a) in the clockwise direction. 
(c) The crank of a reciprocating engine is 200mm long, and the connecting rod is 10 
800mm long. Find the acceleration of the connecting rod and the velocity and 
acceleration of the piston when the crank is rotated from inner dead position. 
The crank turns at a uniform speed of 200 rpm. 
Solution: Given; 
2mN 2m x 200 


A 20.944 rad/s 


N = 200rpm -. w =—— 


r= 200mm = 0.2m 
} = 800mm = 0.8m 
] = 0.8 7 

r 02 
let, 8 = 0° 
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Acceleration of the connecting rod, 


_ w?sin@(n?-1) _ 20.9447 sin0(42-1) _ 2 
Oe = Tain)? azaGino2pe 0 rad/s* (Answer) 
Velocity of the piston, ; 


z in 20 
Vp = wr (sin 6+ m2) = 0 m/s (Answer) 


Acceleration of the piston, 
cos 20 cos(2x0) 


ay = wr (cos @ + ae) = 20.944? x 0.2 (cos 0 + cos) = 109.66 m/s? (Answer) 


4. (a) Explain the differences among simple, compound and epicyclic gear trains. 8 
What are the advantages of epicyclic gear trains? 


Compound gear train 
Only one gear in each shaft | There is more than one gear | The axis of shaft on which 
and there is a relative on the shaft which is rigidly | the gear are mounted may 

motion between shaft axis. | fixed and meshed with the | move relative to the fixed 

gear on another shaft axis 

forming gear train. 
For large speed reduction 
the small gear ratio is 


For large speed reduction in 
high velocity moderate size 
gear is required. 


| For large speed reduction, 
large size of gear is 
required. 


Special advantages of epicyclic gear train: 

1. Coaxial arrangement of input shaft and output shaft 

2. Load distribution to several planetary gears 

3. High efficiency due to low rolling power 

4. Almost unlimited transmission ratio options due to combination of several planet stages | 
5. Suitable as planetary switching gear due to fixing this or that part of the gearbox 

6. Possibility of use as overriding gearbox 

7. Favorable volume output 

8. Suitability for a wide range of applications 


(b) What is centrifugal tension in a belt? How does affect power transmission? 6 


Centrifugal tension: The tension caused by centrifugal force called centrifugal tension. 
At lower belt speeds (less than 10 m/s), the centrifugal tension is very small, but at 
higher belt speeds (more than 10 m/s), its effect is considerable and thus should be taken 
into account. 

Effect: 

Usually, power transmission is proportional to belt speed. 

However, at very high belt speeds which are usually above 1500 m/min, the power 
decreases with increase in the belt speed due to rapid rise of centrifugal force acting on the 
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belt. This centrifugal force reduces the pressure between the belt and the rim of the 
pulleys, and thus, moves the belt away from the pulley and reduces the wrap angle. 
Therefore, the belt tensions and power transmission also are reduced. 


(c)Discuss relative merits and demerits of belt, rope and chain drive for power 6 
transmission. 


Merits of belt drive: 
i) They are simple and economical. 
ii) They can transmit Power over a considerable distance. 
iii) They can protect the machine from overloading by slipping of the belt over a pulley. 
iv) Belt drive can absorb shock and damp vibration. 
v) The operation is smooth and silent. 
vi) They are durable and require very little maintenance. 
Demerits of belt drive: 
i) Limited Speed range. 
ii) They are not compact. 
iii) Considerable power loss. 
iv) Short service life compared to other mode power transmission. 
v) The velocity ratio may vary due to belt slip 
vi) They inflict a heavy load on shafts and bearings. 
Merits of rope drive: 
i) Significant power transmission. 
ii) It can be used for long distance. 
iil) Ropes are strong and flexible. 
iv) Provides smooth and quiet operation. 
v) It can run any direction. 
vi) Low-cost and economic. 
vi) Precise alignment of the shaft not required. 
Demerits of rope drive: 
i. Internal failure of the rope has no sign on external, so it is often get unnoticed 
ii. | Corrosion of wire rope. 
ili. | High maintenance cost 
iv. Less reliable 
Merits of chain drive: 
i. They can be used for both long and short distances 
ii. A number of shafts and be driven from a single chain 
ili, | They are compact and have small overall dimensions 
iv. They do not present fire hazard 
v. Temperature and environmental conditions do not affect their working 
vi. They do not require initial tension 
vii. They have very high efficiency (up to 96%) 
vill. They do not slip 
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ix) They are easier to install 

x) They can withstand abrasive conditions 

x1) They can operate in wet conditions 
Demerits of chain drive: 

i) They can not be used where slip is the system requirement 

ii) They require precise alignment compared to belt drives 

ili) They require frequent lubrication 

iv) They have less load capacity compared with gear drives 

v) Their operation is noisy and can cause vibrations 

vi) They are not suitable for non-parallel shafts 

vii) They can not be used where precise motion is required 

vii) They require housing 

viii) They require adjustments for slack like tensioning device 
5. (a) Show the open belt and cross belt arrangements for power transmission. 3 
Which one can transmit more power and why? 
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Fig. open belt arrangement 
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Fig. cross belt arrangement 


Which can transmit more power? 
A cross-belt drive can transmit more power than an open-belt due to the larger angle of 
contact between the belt and the pulley. 
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(b) Explain, what is meant by “creep” of a belt. Discuss the advantages and 5 
disadvantages of power transmission by belt and gear. 


Creep: When the belt passes from the slack side to the tight side, a certain portion of the 
belt extends and it contracts again when the belt passes from the tight side to slack side. 
Due to these change of length, there is a relative motion between the belt and pulley 
surfaces. This relative motion is called creep. 
Advantages of belt: 
i) They are simple and economical. 
ii) They can transmit Power over a considerable distance. 
iii) They can protect the machine from overloading by slipping of the belt over a pulley. 
iv) Belt drive can absorb shock and damp vibration. 
v) The operation is smooth and silent. 
vi) They are durable and require very little maintenance. 
Disadvantages of belt: 
i) Limited Speed range. 
ii) They are not compact. 
ili) Considerable power loss. 
iv) Short service life compared to other mode power transmission. 
v) The velocity ratio may vary due to belt slip 
vi) They inflict a heavy load on shafts and bearings. 
Advantages of gear: 
i. It is positive drive hence velocity remains constant 
ii. Provisions for changing velocity ratios can be made with the help of gear box 
ili. Its efficiency is very high 
iv. It can be used even for low speeds 
v. It can transmit high torque values 
i. It is compact in construction 
Disadvantages of Gear drive 
i) They are not suitable when shafts are distant 
ii) At high speeds noise and vibration happens 
iii) It requires lubrication 
iv) It has no flexibility 


(c) Power is transmitted from a shaft rotating at 250 rpm by 10 ropes running in 12 
groves in the periphery of a wheel of effective diameter 1.65 meters (to the center 

line of the rope), the groove angle is 50° and the arc of contact round the wheel 

rim is 180°. The maximum permissible load in each rope is 900 N and its mass is 
0.55 kg/m. If the coefficient of friction between the rope and wheel surface is 0.3, 
what power can be transmitted under above condition? 


Fundamentals of Mechanical Engineering BCS QB-55 


Solution: 
Given; 
D = 1.65m and N = 250rpm 
2B = 50° -. B = 25° and 8 = 180° = 3.1416 rad 
T = 900N 
We know that velocity of the rope, 

TDN 3.1416 x 1.65 x 250 


a) Ca; hae 21.6 m/s 


-. Centrifugal tension, T, = mv? = 0.55 x 21.6? = 256.61N 
Tension in the tight side of the rope, 
T, = T—T, = 900 — 256.61 = 643.39N 
T, = Tension in the slack side of the rope 
We know that, 
Ty 
T2 

7, 643.39 
* Ta = GaocosecB ~ g03x3.d4i6xcosec25 
So, power transmitted per rope 
P = (T, — T2)v = (643.39 — 69.18) x 21.6 = 12402.94 W = 12.4029KW 
-. Total power transmitted= 12.4029 x 10 = 124.029 KW (Answer) 


= elO cosecB 


= 69.18N 


6. (a) Draw a spur gear tooth and label it. 4 
Space Watth 
Addendum Foe y\ } 
Circle wid \ / a 
a cone WHO VT 
\ \f / Thickness 
Addendwn im 4 y 


a ye % : 
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eee \ 
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Fig. Spur gear teeth 
(b)What is meant by conjugate action of gear teeth? 3 
Conjugate action of gear teeth: A pair of transverse gear tooth profiles is said to be 


conjugate if a constant angular velocity of one profile produces a constant angular velocity 
in the meshing profile. 
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(c) Write the advantages and disadvantages of worm gear over bevel gear. 4. 


Advantages: 

1. Higher speed reduction could be secured; speed reduction could be secured up to 300: 1 
2. Worm and worm gears operate silently 

3. Worm and worm gears will have one characteristics 1.e. self-locking. Reverse movement 
will be restricted but this characteristic depends on lead angle and friction angle, we have 
discussed this concept in our discussion in previous post during study of worm and worm 
gear. 

4. Worm and worm gear unit will be preferred to use if space is restricted as we have 
already discussed that worm and worm gear unit could be used for heavy speed reduction 
in compact space also. 

5. Handsome output torque will be secured here with the application of worm and worm 
gear. 


Disadvantages: 

1. Manufacturing cost is heavy as compared with manufacturing cost of bevel gear 

2. Cost of raw material to manufacture the worm and worm gear set will be quite high 
3. Worm and worm gear set will have heavy power losses. 

4. Efficiency will be low 

5. If speed reduction ratio is large, worm teeth sliding action will create lots of heat 

6. Lubrication scheduled must be strictly maintained for healthiness of worm and worm 
gear as this unit requires much lubrication for smooth working of gearbox. 


(d)Describe the working principle of a cooling system for I.C engine. 8 


Principle: 


Fig. Cooling system of IC Engine 
It consists mainly four components Radiator, fan, water pump and Thermostat. The water 
or coolant is circulated through a jacket around the parts of the engine to be cooled, and is 
kept in motion by centrifugal pump which is driven by the engine. The water is passed 
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through the radiator where it is cooled by the air drawn through the radiator by a fan and 
by the air draft to the forward motion of the vehicle. A thermostat is used to control the 
water temperature required for cooling. 


7. (a) Explain the differences among true centrifugal casting, semi centrifugal 8 
casting and centrifuging. State the advantages of centrifugal casting over other 
methods. 


True centrifugal casting: True centrifugal casting technique is employed when producing 
parts an axis symmetrical, with a uniform diameter. It contains a cylindrical mold that 
rotates about its axis at specific speed. Molten metal is poured through the center, which is 
thrown to the wall of the mold. Thickness in this type of casting is determined by the 
amount of poured liquid metal. Core is not required just as semi-centrifugal casting. It also 
has fast production rate and offers very high quality. 


Semi centrifugal casting: Semi-centrifugal casting is similar to true centrifugal casting 
but they have slight difference. It is carried out on a vertical mounted machine. In this type 
of centrifugal casting, more than one items'can be produced at a time. 


Centrifuging: This casting is used in unsymmetrical casting in groups. It is carried out in 
group in order to produce equal parts in the hole casting. Rotation axis of the mold does 
not coincide with each other in this casting. 


True centrifugal casting | Semi centrifugal casting 


Long horizontal mould Short single mould Central sprue with 
attachment moulds 


Rotates on X-axis Rotates on Y-axis Rotates on Y-axis ; 


Casts possess rotational | Casts possess rotational | Casts may or may not 
possess rotational 
symmetr 


For pipes exclusively For casts with central | For free from casts 
; parts worked out hollow 


Advantages of centrifugal casting: 

1. Casting obtain elevated density, high Mechanical strength and excellence grained 
structure. 

2. This castings have a directional solidification starting as of outside to inside. 

3. Structure of hollow interiors with no core. 

4. Inclusion and impurities are lighter 

5. Gates and riser are not required. 


(b) Distinguish between brazing and welding. 
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Answer: Similar to the Question of 40 BCS 


(c) What is spot welding and how does it differ from roll spot welding and the 8 
projection welding? What are the advantages of these processes? 


Spot welding: Spot welding (or resistance spot welding) is a type of electric resistance 
welding used to weld various sheet metal products, through a process in which contacting 
metal surface points are joined by the heat obtained from resistance to electric current. 


| Spotwelding Roll spot welding 


Spot welding is the most common form | Roll spot and seam welding is restricted 
of resistance welding and is best known | to a straight line or uniformly curved 


for its speed and ability to produce a lot | line. And a relatively higher current is 
of welds in a short amount of time. No 
filler metal is needed, it is energy 
efficient and it is also relatively easy to 
learn. 
Spot welding cannot be used for thicker 
metal and the welds can be weak. Plus, 
they are not very attractive looking. 
Additionally, spot welders can be more 
pensive than other welders. 


Roll spot and seam welding produces 
gas-tight and liquid-tight joints, which 


than s 


required for seam welding than spot 
welding 


are needed when welding things like 
fuel tanks. It also produces less overlap 
pot welds. 


Spot welding Projection welding 


Spot welding is the most common form 
of welding and differs from projection 
welding in a number of ways. This 
process is typically used to connect large 
components or sheets of metal using 
metal currents along the joint. The 


current is directed at one point as 


opposed to the multiple projections 


found with projection welding and 
requires more current and pressure. Spot 
welding is particularly useful for corners 


and thin materials. 


Projection welding is more useful for 
thick metal materials and products that 
require an exceptionally strong weld, 
since less heat and pressure during the 
welding process yield a stronger joint. 
Projection welds are also less visible 
than spot welds, allowing for a more 
finished 


appearance. Projection welds can also 


aesthetically pleasing 
used to weld a nut, stud, or projection on 
steel and is used in many automotive 


assemblies. 
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Advantages of spot welding: 

. In this type of welding the base metal does not undergo to large heat affected area. 

. This type of welding is a easy process. 

. Spot welding has a high production rate. 

. Spot welding can be applied to different metals to join. 

. Spot welding is a low-cost process. 

. There is a possible to weld multiple metals at a time. 

. It can be operated through automatic and manual type. 

. Thin metals can be welded more efficiently. 

. It does not require more skilled persons at operation. 

Advantages of roll spot welding: 

1. It can create airtight and watertight seals. 

2. Fast weld process 

3. There is no need of using flux and filler metal 

4. It is smooth and clean process. 

Advantages of projection welding: 

1. The welding current intensely works on any individual parts using the profile or 
projection. 

2. Electrodes with large flat contact area can be used on the full or half identical area of the 
work piece. 

3. Even electrodes come with more lifespan. It does not make any deformation of 
discoloration on the project and fits well in high-volume production works. 

4. The method of resistant welding method is designed to allow multi-projection welding. 
Resulting, some electrodes or a pair of large surface electrodes is fed from a solo power 
source. 

8.Write short notes on the following :- 

(i) Personnel management; 

(ii) Technology management; 20 
(iii)Matrix Organization; 

(iv)Tool geometry; 

(v) Motivation theory 


OO Pern NN HB WN 


(i) Personnel management: 

1. Personnel management includes the function of employment, development and 
compensation- These functions are performed primarily by the personnel management in 
consultation with other departments. 

2. Personnel management is an extension to general management. It is concerned with 
promoting and stimulating competent work force to make their fullest contribution to the 
concern. 

3. Personnel management exists to advise and assist the line managers in personnel 
matters. Therefore, personnel department is a staff department of an organization. 

4. Personnel management lays emphasize on action rather than making lengthy schedules, 
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plans, and work methods. The problems and grievances of people at work can be solved 
more effectively through rationale personnel policies. 

5. It is based on human orientation. It tries to help the workers to develon their potential 
fully to the concern. 

6. It also motivates the employees through it’s effective incentive plans so that the 
employees provide fullest co-operation. 

7. Personnel management deals with human resources of a concern. In context to human 
resources, it manages both individual as well as blue- collar workers. 

(ii) Technology Management: 


1. It provides required leverage to the organization for emerging as a world leader in the 
field. 

2. It facilitates technological innovation to work as key participant in the field and that 
‘Innovate or perish’ would be the guiding principle followed all over the world. 

3. It commercializes technological advancements for the organization and sets the 
innovation as the name of the game. It is ‘not resources but being resourceful’, that 
mattered in today’s highly competitive world. 

4. It gives capability to face the enormous changes for industry in the era of globalization. 
5. It develops capacity to become a technological super-power and in order to shine in the 


comity of nations we need to be technologically superior. 
(iii) Matrix organization: 


1. It offers operational freedom and flexibility. 

2. It seeks to optimize the utilization of resources. 

3. It focuses on end results. 

4. It maintains professional identity. 

5. It holds an employee responsible for management of resources. 

6. It calls for greater degree of coordination. 

7. It violates unity of command principle. 

8. It may be difficult to define authority and responsibility precisely. 


9. Employees may find it frustrating to work with two bosses. 

(iv) Tool geometry: The tool must have a specific geometry (known as tool geometry) for 

effective cutting and smooth surface finish. 
Shank: 

This is the main body of the tool. The shank is used to hold the tool (i.e tool holder). 
Flank: : 

The surface or surface below and adjacent to the cutting edge is called flank of the tool. 
Face: 

The surface on which the chips slide is called the face of the tool. 
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Heel: 

It is the intersection of the flan and the base of the tool. It is a curved portion at the bottom 
of the tool. 

Nose: 

It is the point where the side cutting edge and end cutting edge intersects. 

Nose radius: 

The nose radius will provide long life and also good surface finish with it a sharp point on 
the nose. 

Cutting edge: 

It is the edge on the face of the tool which removes the material from the work piece. 

The tool cutting edge consists of side cutting edge (major cutting edge), end cutting edge 
(minor cutting edge and the nose). 

Side cutting edge angle: 

This angle also is known as the lead angle. This i is the angle between the side cutting edge 
and side of the tool shank. 

End cutting edge angle: 

This is the angle between the end cutting edge and a line normal to the tool shank. 

Side relief angle: 
It is the angle between the portion of the side flank immediately below the side cutting 
edge and a line perpendicular to the base of the tool and measured at the right angle to the 
end flank. 

End relief angle: 

It is the angle between the portion of the end flank immediately below the end cutting edge 
and a line perpendicular to the base of the tool and measured at the right angle to the end 
flank. 

Back rack angle : 

It is the angle between the tool face and a line parallel to the base of the tool and measured 
in a plane perpendicular through the side cutting edge. . 
The back rack angle is positive if the side cutting edge slopes downwards from the point 
towards the shank and The back rack angle is negative if the slope is side cutting edge is 
reversed. 

Side rack angle: 

It is the angle between the tool face and a line parallel to the base of the tool and measured 
in a plane perpendicular to the base and the side cutting edge. 

This angle gives the slope of the face of the tool from the cutting edge. 

(v) Motivation theory: 

Motivation is a huge field of study. There are many theories of motivation. Some of the 
famous motivation theories include the following: 

1. Maslow’s hierarchy of needs 

Abraham Maslow postulated that a person will be motivated when his needs are fulfilled. 
The need starts from the lowest level basic needs and keeps moving up as a lower level 
need is fulfilled. Below is the hierarchy of needs: 

Physiological: Physical survival necessities such as food, water, and shelter. 
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Safety: Protection from threats, deprivation, and other dangers. 

Social (belongingness and love): The need for association, affiliation, enichie. and so 
on. 

Self-esteem: The need for respect and recognition. 

Self-actualization: The opportunity for personal development, learning, and 
fun/creative/challenging work. Self-actualization is the highest level need to which a 
human being can aspire. 

2. McClelland’s theory of needs 

McClelland affirms that we all have three motivating drivers, and it does not depend on 
our gender or age. One of these drives will be dominant in our behaviour. The dominant 
drive depends on our life experiences. 

The three motivators are: 

Achievement: a need to accomplish and demonstrate own competence People with a high 
need for achievement prefer tasks that provide for personal responsibility and results based 
on their own efforts. They also prefer quick acknowledgement of their progress. 
Affiliation: a need for love, belonging and social acceptance People with a high need for 
affiliation are motivated by being liked and accepted by others. They tend to participate in 
social gatherings and may be uncomfortable with conflict. 

Power: a need for control own work or the work of others People with a high need for 
power desire situations in which they exercise power and influence over others. They 
aspire for positions with status and authority and tend to be more concerned about their 
level of influence than about effective work performance. 

3. McGregor’s theory X and theory Y: 

Douglas McGregor formulated two distinct views of human being based on participation 
of workers. The first is basically negative, labelled as Theory X, and the other is basically 
positive, labelled as Theory Y. Both kinds of people exist. Based on their nature they need 
to be managed accordingly. 

Theory X: The traditional view of the work force holds that workers are inherently lazy, 
self-centred, and lacking ambition. Therefore, an appropriate management style is strong, 
top-down control. 

Theory Y: This view postulates that workers are inherently motivated and eager to accept 
responsibility. An appropriate management style is to focus on creating a productive work 
environment coupled with positive rewards and reinforcement. 
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1.(a) How many laws of thermodynamics are there? Name them. 4 
Answer: See at Fundamentals of mechanical engineering vol.-1, chapter-1 
(b) State and explain first law of thermodynamics. 8 


Answer: See at Fundamentals of mechanical engineering vol.-1, chapter-1 


(c) A mixture of gas expands from 0.03 m? to 0.06 m? at a constant pressure of 1 8 
MPa and absorbs 84 KJ of heat during the process. Find the change of internal 


energy. 
Solution: AE =AQ+AW 
AW=-PAV 


Here, P = 1MPa, AV = 0.03m? 

W = —1MPa x 0.03m? = —30kJ 

“A E = —30k] + 84kJ = 54k] (Answer) ; 

2. (a) How the boilers are classified? Show the classification in a tabular form. 5 


Relative passage of water and hot gases | a) Water tube boiler 
b) Fire tube boiler 

Water circulation arrangement (a) Natural circulation 
(b) Forced circulation 


According to use (a) Stationary boiler 


(b) Portable boiler 
Position of the furnace 


(c) Locomotive 
Pressure of steam generated 


(d) Marine boiler 


(a) Internally fired 
(b) Externally fired 


(a) Low pressure boiler 
(b) Medium pressure boiler 
(c) High pressure boiler 
(d) Sub-critical boiler 

(e) Super-critical-boiler 


The position of the Boiler Horizontal, inclined or vertical 
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(a) Pulverized fuel 
(b) Supercharged fuel 
(c) Fluidized bed combustion boilers 


the charge in the furnace 


(b) Name five mountings and accessories each. What is the function of fusible 8 
plug in boiler, describe. 
Answer: Boiler mountings: 

1) Safety valve 

2) Water level indicator 

3) Pressure gauge 

4) Fusible plug 

5) Steam stop valve 
Boiler accessories: 

1) Superheater 

2) Economizer 

3) Air preheater 

4) Feed water pump 

5) Steam injector 
Function of Fusible plug: It is a very important safety device which protects the fire tube 
boiler shell against overheating. It is located just above the furnace in the boiler. It consists 
of a gunmetal plug fixed in a gunmetal body with a fusible molten metal. During the 
normal boiler operation, the fusible plug in covered by water and its temperature does not 
rise to its melting state. But when the water level falls too low in the boiler, it uncovers the 
fusible plug. The furnace gases heat up the plug, the fusible metal melts and the inner plug 
falls down. The water and steam then rush through the hole and extinguish the fire before 
any major damage occurs to the boiler due to overheating. 
(c) A boiler evaporates 3.6 kg of water per kg of coal into dry saturated steam at 7 
10 bar. The temperature of feed water is 32°C. Find the equivalent evaporation 
and the factor of evaporation. 
Solution: Given, m, = 10 kg/kg of coal; p = 10 bar; t; = 32°C 
From steam table, for 32°C, hg = 134 kJ/kg 
And corresponding to a steam pressure of 10 bar, we find that h = hg = 2776.2kJ/kg 
me(h-hq) _ 3.6(2776.2~134) 


- Equiv. ion = = 
quivalent evaporation 3055 SEA 


= 4.2 kg/kg of coal (Answer) 


: h-h 2- 
We know the factor of evaporation = Se 


aay er = 1.17 (Answer) 


3. (a) What is the critical thickness of insulation? Derive an expression to 8 
calculate the critical thickness in terms of typical known parameters. 
Answer: Critical thickness of insulation: The thickness upto which heat flow increases and 


after which heat flow decreases is termed as critical thickness of insulation. 
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Critical Thickness of Insulation - Cylindrical Coordinates 


where 
kis the materials conductivity (W.m\K'] 
his the heat transfer coefficient (W.m‘7] 


(b) A steel ball having specific heat 0.46 KJ/Kg ° C and thermal conductivity 35 12 
W/m”C. Find the time required for the ball to attain a temperature of 150°C. 

_ Answer: In this question data is insufficient, But the solution will be the similar of 
Question-15; Biman Bangladesh Airlines Ltd-2018. 

Question may be the following: 

A steel ball [c=0.46 kJ/kg°C, k =35 W/m.°C] 5.0 cm in diameter and initially at a 
uniform temperature of 450°C is suddenly placed in a controlled environment in 
which the temperature is maintained at 100°C. The convection heat-transfer 
coefficient is 10 W/m’ °C. Calculate the time required for the ball to attain a 
temperature of 150°C. i 
4. (a) State Stefan Bolzman Law and Kirchhoff’s law. 6 


Answer: Stefan  Boltzman Law: Stefan—Boltzmann law _ states that the 
total energy radiated per unit surface areaof ablack body across all wavelengths per 
unit time (also known as the black-body radiant emittance) is directly proportional to the 
fourth power of the black body's thermodynamic temperature T. 

J = oT* 
Kirchhoff’s law: Kirchhoff's law of thermal radiation refers to wavelength-specific 
radioactive emission and absorption by a material body in thermodynamic equilibrium, 
including radioactive exchange equilibrium. 
(b) An electric cable of aluminium (K= 210W/M °K) is to be insulated with 8 
rubber (K=0.15 W/m °K) which located in free air (h= 6W/m’K). Calculate 
critical thickness. _ 


Solution: Critical thickness, rg. = = “== = 0.025m = 25mm (Answer) 
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(c) Calculate the emission power of a black pot whose temperature is 60°C . 6 


Solution: 

Here, T=60°C=60+273=333K 

We know, 

J = oT* = 5.67 x 1078 x 333% = 697.204 W/m? (Answer) 

5. (a) Derive Bernoulli equation of fluid motion. What are the assumptions you 10 
made? 

Answer: We know, Euler’s equation of motion is < + gdz+vdv = 0 


Bernoulli’s equation is obtained by integrating the Euler’s equation, 
dP 
| a + i gdz + { vdv = constant 


If flow is incompressible, p is constant and 


P v2 

a pz+ raiae constant 
P v2 

Or — +z+— = constant 
pg 2g 
P v2 

Or —+— +z = constan 
pg 2g 


P Ore: 
bg = Pressure energy per unit weight 


2 
- = kinetic energy per unit weight 


Z= potential energy per unit weight 
Assumptions are: 
>» The fluid is ideal i.e. viscosity is zero 
» The flow is steady 
> The flow is incompressible 
> The flow is irrotational 
(b) Show how Bernoulli equation is used to measure flow rate through a venture 10 
meter. Give free hand sketches. 
Answer: 
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Applying Bernoulli’s equation at point 1 and point 2, 
Py v4? P2 2 
+44, =S+s +2 
pe 2 tpg gO 
As pipe is horizontal, z; = Z2 
aly ip ae 


So, —— = 
nies 2g 2g 
But 1-2 is the pressure difference between 1 and 2 is equal to h or = 
27 v3? 
Now, ae = - 


= 2g 
Applying continuity equation at section | and 2, 
AV, = A2V2 


A2vV: 
Or y= 202 
1 
A2v2 2 
v ( A ) 2 -A1°—A2 
h=% n 
So, 2 2g 2g [ A,” ] 
2 ” 
>v,° = 2gh ear e 
= Ay” 
=V2 = 2gh A,*-A,” 


.. Discharge= AzVv2 = Az X logh ree a an J 2gh 
eee [as?—A2? 
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FavP2 — hb. 


6. (a) With the help of a block diagram, describe the vapour compression 6 


refrigeration system. 


Answer: See at Fundamentals of Mechanical Engineering vol.-1, chapter-6. 


(b) Give the free hand sketch of a split air cooler, explain it. 


Answer: 


Expansion 


Kevspusit 


‘ 
‘ Compressor 


Indoor ‘ Outdoor 


A split air cooler is also known as a remote mounted air cooler. It is basically a air 
conditioning system built in two distincts unit. The two units are: indoor unit and outdoor 
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unit. The indoor unit consists of a fan and cooling coil. It is located in the space to be 
conditioned. It is a well-designed single casing, well insulated on the inside housing the 
evaporator coil, twin blower system with a motor, capillary tubes for refrigerant expansion, 
electronic controls and condensate drain provision. 

The outdoor unit consists of a compressor, condenser coil and propeller fan with motor. 
The outdoor unit is connected to an indoor unit by extended suction and liquid pipelines. 
(c) Name at least five refrigerants, including two chlorine free ones with the 5 
chemical formula, ASHRAE number and boiling point. 

Answer: 

Freon 12 (R-12) (boiling point: —30°C) 

Freon 22 (R-22) (boiling point: —40°C) 

Dry ice (CO?) (boiling point: —73°C) 

R-134a (CH2FCF3, boiling point: -26°C) 

5. R-410a (50% CH2F2/50%CHFCF3, boiling point: —48°C) 


(d) What is ASHRAE? 2 


Answer: ASHARE means American Society of Heating, Refrigerating and Air- 

Conditioning Engineers. 

7. (a) Derive a relation for Euler’s crippling load for a column when (i) it has 8 
both ends hinged (ii) both ends fixed. 


ee 


Answer: 
Both ends hinged: 
Consider a column AB of length | hinged at both of its ends A and B and carrying a critical 
load at B. As a result of loading, let the column deflect into a curved form AX;B as shown 
in Fig. 

Now consider any section X, at a distance x from A. 

Let, P=Critical load on the column, y=Deflection of the column at X. 

-'. Moment due to the critical load P, M=P-y 

d?y 


El = —P.y .. (Minus sign due toconcavity towards initialcentre 


The general solution of the above differential equation is 
P . P 
Y = A.cos «| + Bsin(x |Z) 


Where A and B are the constants of integration. We know that when x= 0, y= 0. Therefore 
A= 0. Similarly when x=l, then y= 0. Therefore 
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0 = Bsin(1 [2 


A little consideration will show that either B is equal to zero or sin( FE) is equal to zero. 


Now if we consider B to be equal to zero, then it indicates that the column has not bent at 


ae P\_ 
all. But if sin (i z) =0 


ee, = = oe 
ae | OHH 2n= 3n= 


Now taking the least significant value, P = < 
Both ends fixed: 
Consider a column AB of length | fixed at both of its ends A and B and carrying a critical 
load at B. As a result of loading, let the column deflect as shown in Fig. 
Now consider any section X at a distance x from A. 
Let, P = Critical load on the column, y = Deflection of the column at X. 
A little consideration will show that since both the ends of the beam AB are fixed and it is 
carrying a load, therefore there will be some fixed end moments at A and B. 

Let, Mo=Fixed end moments at A and B. 

-. Moment due to the critical load P, M=—P-y 


2 
EIS = My — P.y .. (Minus sign due to concavity towards initial 


Centre line) 
Ty P ya Mo 
“dx? " EI? EI 


The general solution of the above differential equation is 
z PY a Bsin(x (2) 4M 
Y = A.cos (x[F)+Bsin(x |) + . 


Where A and B are the constants of integration. We know that when x= 0, y= 0. Therefore 
A= 0. Similarly when x=l, then y= 0. Therefore A =— =, Now differentiating the above 


equation, 

Re ig Se Lz i . 

re 7 sin (x f +B E cos (x ‘) 

We also know that when= 0, then = = 0. Therefore, 
P 

o=8 [E 


. : : : , ; P. : 
A little consideration will show that either B is equal to zero or fe is equal to zero. Since 


the load P is not equal to zero, it is thus obvious that B is equal to zero. Substituting the 
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value A = — ~ and B=0 in equation (i), 

M P My _M P 
y=—— "cos (x/F) += [1-cos(l I 
We also know that when x=l, then y=0, Therefore, 


— Moy, _ nt 
0= : [1 — cos(l ard. 


‘ cost =1 


a ar, oe = ee are 
[E=0=2n= 4n= 6r= 


2 
Now taking the least significant value, P = = 


12 


(b) Explain the various ways in which riveted joint may fail. 3 
Answer: 

1. Tearing of the plate at an edge 

2. Tearing of the plate across a row of rivets 

3. Shearing of the rivets. 

4. Crushing of the plate or rivets 


(c) A hollow circular column of 200 mm external and 160 mm internal diameter 9 
is 5m long and fixed at both ends. It is subjected to a load of 120KN at an 
eccentricity of 20 mm from the axis. Find the maximum stress induced in the 
column. Assume E = 120 GPa. 

Solution: Given: External diameter (D) = 200 mm; Internal diameter (d) = 160 mm; 
Length () =5 m= 5x10°mm; Load (P) = 120 kN = 120x10°N; Eccentricity (e) = 20 mm 
and modulus of elasticity (E) = 120 GPa = 120x10°N/mm”. 

We know that area of the column section, 

A= 7 [D? — d?] = =[(200)? — (160)?] = 11.31 x 103mm? 

And moment of inertia of column section, 

I= = [D* — d*] = a ((200)* — (160)*] = 46.37 x 10°mm* 


. , —_1 _ 46,37x10° _ 3...3 

-. Modulus of section, Z B22 ao 463.7 x 10°mm 

Since the column is fixed at its both ends, therefore equivalent length of the column, 
; 

Le == =" = 2.5 x 103mm 


3 
And value of ie pee ana x Pras rad = 0.1836 rad = 10.52° 
2 WEI 2 120x10346.37x10© 


We know that maximum compressive stress induced in the column, 


F 
pesects [F _ 120x103 | 120x10%x20sec10.52° 


Zz ~ 11,31x108 463.7X 198 N 
=10.61+5.26=15.87N/mm*=15.87MPa (Answer) 


Pp 
Omax = A + 
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8. (a) How to determine the maximum bending moment in a simple supporting 3 
beam? 

Answer: 

The maximum bending moment occurs in a beam, when the shear force at that section is 
Zero. 

So, to determine the maximum bending moment of a simple supported beam, moment 
calculate at the position of shear force is zero. 

(b) Define and explain principal plane and principal stress. What are their 3 
usages? 

Answer: 

Principal Plane is that plane on which the principal stresses act and shear stress is zero. 
Principal stresses are maximum and minimum value of normal stresses on a plane (when 
rotated through an angle) on which there is no shear stress. 

(c) Derive an expression to calculate the deflection in a beam. 4 


Answer: In this question there is no specific condition for the beam. 


(d) A steel rod ABC is held between two rigid supports A and C as shown below. 10 
Find the stress developed in two parts of the rod when it is heated through 
15K. Assume a= 12x10-°k and E= 200 GPa. 


2 ? 
A, ~ 400 mm A, ~ 600 min” 
c 


Fig. 8 (d) 


Solution: 
Sap + Sac = Syapy + StcBc) 
PL PL 
= (eas + Ga)sc = AhapAT + aLgcAT 


P 0.5 1 _ # 6 
=, (-—— " ——.) = a@AT(0.5 +1) = 12x 10-6 x 15x15 
+ P= 18514.285N 

18514.285 
OAS = Fie 46.3MPa (Answer) 

Cgc = —~ > = 30.86MPa (Answer) 
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1.(a) Name three power transmission device. Explain the suitability in different 3 
mechanism. 


Answer: 
1. Belts: Transmitting power between shafts that are widely separated or nonparallel 
drives. an 
2. Chains: It is often used to convey power to the wheels of a vehicle, particularly 
bicycles and motorcycles 
3. Gears: power transmitted between two rotating shaft in shorter distance. 


(b) Name six types of gear, and the way they are used. 3 


Answer: 

Spur gear 

Helical gear 

Bevel gear 

Worm gear 

Rack and pinion 

Internal gear 

(c) A rubber belt runs over 2600 mm diameter pulley at 200 rev/min. If the .6.5 
coefficient of friction between the pulley and the belt is 0.25 angle of lap is 160° 
and the maximum tension in the belt is 2.5 KN . Find the power transmitted by 
the belt. 

Solution: 

Given, d = 600 mm = 0.6 m;N = 200 rpm; p = 0.25; 6 = 160° = 2.793 rad 

T, = 2.5kKN 

We know, v = = = 6.284 m/s 

Let, T, = Tension in the slack side of the belt 


We know, 2.3 log =u xX 0 = 0.25 x 2.793 = 0.6982 
2 


“Ty = 1.244 kN 

We know that power transmitted by the belt, 

P = (T, — Tz)v = (2.5 — 1.244)284 = 7.89 kW (Answer) 

2. (a) Why is balancing is necessary in the case of high speed engines? Explain the 6 
statement balancing of reciprocating masses are not achieved fully. 


Sur nia ae aaah ba 
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Answer: Balancing is very important in the case of high-speed engine. If the parts are not 
properly balanced, the dynamic forces are set up. These forces not only increase the loads on 
the bearings and stresses in the various members, but also produce unpleasant and even 
dangerous vibration. Thus, balancing is very important in case of high-speed engine. 

Full balancing is not possible in reciprocating masses: Due to inertia of reciprocating 
masses, shaking force and shaking couple generate. In most cases, we can reduce the shaking 
force and shaking couple by adding appropriate balancing mass, but it is usually not practical 
to eliminate them completely. Shaking force and shaking couple always exists in the 
mechanism. So, balancing of reciprocating masses is not achieved fully. 

(b) Explain logarithmic decrement in relation to free damped vibration with 4.5 
single degree of freedom. What is critical, light and heavy damping? 

Answer: The logarithmic decrement represents the rate at which the amplitude of a free 
damped vibration decreases. It is defined as the natural logarithm of the ratio of any two 
successive amplitudes. 

Critical damping occurs when the system stops oscillating after the shortest possible time. 
E.g. A car suspension system 

Light damping occurs when the resistive forces acting are small — many oscillations occur 
but the time period stays constant as the amplitude falls. E.g. simple pendulum in air. 

Heavy damping occurs when the resistive forces acting are large — not even one complete 
oscillation occurs as the system slowly returns to equilibrium. E.g. A push tap in a public 
toilet. 

(c) Compare viscous and Cloumb damping. 2 


Viscous Damping: Viscous damping is the dissipation of energy that occurs when a particle 
in a vibrating system is resisted by a force the magnitude of which is a constant, independent 
of displacement and velocity, and the direction of which is opposite to the direction of the 
velocity of the particle 

Cloumb Damping: Coulomb damping is a type of constant mechanical damping in which 
energy is absorbed via sliding friction. The friction generated by the relative motion of the 
two surfaces that press against each other is a source of energy dissipation. 

3.(a) A crank - connecting rod mechanism has a crank of length 50 mm and 8 
connecting rod of length 200 mm. Find the velocity of slider attached to the end of 

the connecting rod. If the crank revolves at a uniform speed of 200 rev/min, when 

the crank will makes angle 30° with the line of stroke of the slider. 

Solution: 

Given, r = 50 mm; I= 200 mm; N=200 rpm; 8=30° 


We know, n == ==" = 4:0 =" & 20.944 rad/s 
Z : : sin 286 
Velocity of slider, vp = w Xx r(sin 0+ =) 
= 20.944 x 0.05 (sin30° +") = 0.637 m/s (Answer) 


(b) How are internal combustion engine is classified? What are external 4.5 
combustion engine? Give Example 
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Answer: 

Classification of IC Engine: 

1. Cycle of operation: Two stroke, four stroke 

Thermodynamic cycle: Otto cycle, Diesel cycle, Dual fuel cycle 
Method of ignition: Spark ignition (SI), Compression ignition (CI) 
No of cylinder: Single, multi cylinder 

Cooling system: air cooled, water cooled, oil cooled 


le Sa tcl ta 


e External combustion engines are: coal-fired power plant, Natural gas power plant, Steam 
locomotive, Solar thermal power plant, Stirling engine. 
4. (a) Spark ignition engine can not burn very lean air fuel ratio mixure but 6.5 
compression ignition engine can. Discuss the statement with the reference to 
process of combustion in these engines. 
Answer: Gasoline (petrol) engines operate within a narrow air/fuel ratio range of 
approximately 12:1 to 15:1, although some modern "lean-burn" technology engines have 
been able to achieve significantly leaner air/fuel ratios. While the stoichiometric ratio for 
diesel fuel is a little lower than that for gasoline (14.6 vs. 14.7), this is not the main reason 
diesels are run at higher air/fuel ratios. Diesel engines can operate with a broader range than 
gasoline - as rich as 15:1 or as lean as 60:1, however, going richer than about 22:1 to 25: 1 
produces excessive temperature, soot, smoke, and poor fuel economy. This is a consequence 
of the fact that diesel engines are compression-ignition versus gasoline engines, which are 
spark-ignition. The injected fuel in a diesel engine provides a less homogeneous air-fuel 
mixture in the cylinder, so combustion is less uniform and a cleaner burn is achieved with a 
higher air/fuel ratio. 
(b) Compare the real IC engine process with air standard cycles. Show the energy 4 
flow in an IC engine. 
Answer: 


Air standard cycle Actual IC engine cycle 


Pure air is used . Working fluid is combination of air, 
fuel and residual gas 


2. Composition of working fluid always | 2. Composition of working fluid changes 
constant 


3. Specific heat remain constant 3. Specific heat changes 


Fundamentals of Mechanical Engineering BCS QB-75 


) in fuel (kW] 


Re 
7 


Energy losses in exhaust, 
coolant, radiation etc. 


~«—— Energy losses in friction, 


FP pumping, etc. 


Energy (E 


Fig: Energy flow diagram of IC engine 
(c) Briefly discuss direct ignition diesel engines and indirect ignition diesel 2.5 
engines. 
Answer: Direct injection Diesel engines inject fuel directly into the cylinder. 
An indirect injection diesel engine delivers fuel into a chamber off the combustion chamber, 
called a prechamber, where combustion begins and then spreads into the main combustion 
chamber. 


5. (a) Briefly discuss the prospects of renewable energy in Bangladesh. 10 


Answer: 

1. Solar: Bangladesh receives an average daily solar radiation in the range of 4.5 
kWh/m?/day. According to SREDA, now Bangladesh is generating total 488.67MW 
electrical power from solar energy including both of the on-grid and off-grid generation. 
Since the introduction of Solar Home System (SHS) in 1996, it has become now the 
biggest renewable energy program in Bangladesh, so far installed 4.5 million units and 
ever increasing its number due to an integrated program undertaken by the government 
through its financial institution IDCOL. Dedicated funding support has also been 
extended through government financial institutions like Bangladesh Bank and IDCOL, as 
well as through private commercial banks. Moreover, government has extended fiscal 
incentives including duty exemption on certain renewable energy products, e.g. solar 
panel, solar panel manufacturing accessories, Charge Controller, Inverter, LED light, 
solar operated light and wind power plant. 


Encouraged by the success of SHS, government has initiated number of programs like, 
Solar Irrigation, Solar Mini/Micro-grid, Solar Park, Solar Roof-top, Solar Boating and so 
on. The main focus of RE is to provide electricity to the rural areas and to reduce the 
dependency on diesel, so as to reduce the carbon emission. 
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2. Wind power: Bangladesh began its first wind power project in 2005. There are two wind 
power generation projects in Bangladesh, the Muhuri Dam wind power project and the 
project in Kutubdia Island. Muhuri Dam Project is the first grid-connected wind plant in 
Bangladesh. The estimated annual production from this 4x225 kW wind plant. is about 2 
GWh (for an equivalent of 2,500 hours of full load/year). Kutubdia Island is 
Bangladesh’s other wind battery hybrid project located in Chittagong. It produces 50x20 
kW with estimated annual production of 2 Gwh (for an equivalent of 2,500 hours of full 
load/year). 

3. Biomass: Since it is an agrarian country, biomass is one of the potential renewable 
energy sources in Bangladesh. Agricultural crop residues, animal manure and municipal 
solid waste are the major sources of biomass energy in the country. Government of 
Bangladesh has initiated the installation of two waste-to-energy power plants in Dhaka 
using daily waste produced, aiming at making it a habitable and a clean city. One of the 
plants will be set up at the Aminbazar landfill and the other at Matuail. One of the plants 
will be set up at the Aminbazar landfill and the other at Matuail. 

4. Hydro: Bangladesh has a long legacy in the field of Renewable energy, which started 
back in 1957 with the start of construction of Country’s first Hydroelectric project on 
Karnaphully river at Kaptai, Chittagong. In October 1988 the fourth and fifth generating 
units, both 50 MW Kaplan-type turbines, were installed which raised the total generation 
capacity to 230 MW. 

5. Tidal power: Bangladesh has an extended costal area with 2-8 m tidal height ascend and 
descend and this height is adequate enough to generate power. Tidal energy can be 
simply generated from the varying sea levels, and tides are more foreseeable than wind 
and sunlight. Changing tidal can be used to produce electricity across a coastal bay with 
huge differences between low and high tides. Electricity generation from tides is very 
analogous to hydroelectricity generation apart from that water; which is able to run in 
both directions, and electricity is produced using two-way turbines. Khulna, Barisal, 
Bagerhat, Satkhira and Cox’s Bazar regions has a low tidal height about 2-5m, whereas 
Sandwip has more than 5m. So, Bangladesh a good prospect of energy source of tide. 

(b) Explain the terms combustion and flue gas desulfurization in reaction to coal 10 

fired power plants. 

Answer: 

Combustion: Coal is finely ground so that 70 to 80 percent by weight passes through a 

200-mesh screen. The powder is burned in a combustion chamber by entraining the 

particles in combustion air. Because finely ground coal has more surface area per unit 
weight than larger particles, the combustion reactions occur at a faster rate, thus 
reducing the time required for complete combustion to about 1 to 2 seconds. 

Flue gas desulfurization (FGD) is a control device used to remove sulfur dioxide 

(SO) from exhaust flue gases using an alkaline reagent to produce a solid compound. 

In this chemical reaction >90% of the sulfur dioxide (SO2) from the flue gas can be 

removed and converts the limestone into calcium sulphite (CaSO,). 
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6. (a) Define and explain the term : load duration curve, plant factor, load factor, 8.5 
diversity factor with reference to power plants. 

Answer: 

Load duration curve: The load duration curve is defined as the curve between the load and 
time in which the ordinates representing the load, plotted in the order of decreasing 
magnitude, i.e., with the greatest load at the left, lesser loads towards the rights and the 
lowest loads at the time extreme right. 

Plant factor: 

The ratio of the average power load of an electric power plant to its rated capacity. 

Load factor: Load factor is the ratio of average power generated by the plant to the 
maximum power that could have been generated for a given time period. 

Diversity factor: Diversity factor is defined as the ratio of the sum of the maximum 
demands of the various part of a system to the coincident maximum demand of the whole 
system. 

(b)Distinguish between free and forced convection heat transfer. Give examples. 4 


Answer: 

Definition A method of heat transfer | A method of heat transfer 
in which the motion of in which the motion of 
fluid is influenced by fluid is influenced by 
natural means external means 

Initiation of fluid motion Fluid motion generates as a | Fluid motion generates as a 
result of the change of the | result of an external source 
density of fluid when as pumping, fan, suction 
heated devices 


Factors affecting heat No external factors affect Only external factor can 

transfer heat transfer ~ | cause heat transfer ‘ 

Examples Cooling down a boiled egg | Air conditioning, steam 
when kept in the normal turbines etc 


air, loss of cool of a cool 
drink can. etc 


7, (a) Explain the dimensionless terms obtained for convection heat transfer and 6 
explain their correlation with each other. 
Answer: See at chapter-4, Fundamentals of mechanical engineering vol.1 


(b)What is heat transfer through a fluid conduction and when it is convection? 6.5 
How does the convection heat transfer co-efficient differ from the thermal 
conductivity of a fluid. 

Answer: Heat transfer through a fluid is conduction in the absence of bulk fluid motion, and 
convection in the presence of it. The rate of heat transfer is higher in convection because of 
fluid motion. The value of the convection heat transfer coefficient depends on the fluid 
motion as well as the fluid properties. Thermal conductivity is a fluid property, and its value 
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does not depend on the flow. 


8. (a) List the main equipment that are used in air conditioning system. Mention 6 
their function. 


Answer: See at chapter-6, Fundamentals of mechanical engineering vol.1 


(b) What are the parameters to be considered for the calculation of cooling load 6.5 
for any building for summer air conditioning? 

Answer: 

Parameters should be considered for cooling load calculation of any building for summer air 
conditioning are: 


(1) Internal heat load: 
(a) Heat load from lighting system and equipment’s 
Q, = sum of ratings of equipments and lighting lamps 
(b) Heat gain from human body: Q; = No. of occupants x heat gain rate per person 
(2) Wall heat load: Heat loss or gain by thermal transmission through a building wall can be 
calculated as 
Qw = UACAT) wan 
(3) Infiltration and ventilation load: 
Infiltration is defined as the uncontrolled entry of outside air directly into the conditioned 
space due to wind and bouncy effect arising out of temperature difference between inside and 
outside environments. 


Ventilation is defined as the air intentionally mixed with recalculated air to meet the oxygen 
requirement of the occupants. 


(4) Solar heat gain through glass windows and walls: The solar load can be given by the 
directly transmitted radiation as Q,(t) = AyS(t)E ; . 
Where, S(t) is the solar heat gain coefficient function, t is the time, E is the irradiance of the 

direct solar beam Win’, and Aw is the window area of the data center in m’, 


9.(a) How is sand casting different from metallic mold casting process? 4 


Answer: 


Sand casting Metallic mold casting 


1. Sand is used to create mold 1. Metal is used to create mold 
2. Moderate surface finish 2. Improved surface finish 
3 


3. Use for low and high volume} 3. Use for medium to high volume 


production production 


4. Lower cost than metal molding 4. Higher cost than sand casting 
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(b) Sketch a typical milling cutter tooth and name its elements. What is a fly — 45 
cutter and what is its purpose? 
Answer: 


Cutting edge 


Lip angle 
Relief angle 


1st clearance angle 
2nd clearance angle 


Land. 
Face of tooth 


Back or flank 
of tooth 


ix Flute or 
chip space 


Gullet or 


root radius 
i of rotation 
Tooth depth Outside circle diameter 


Fig: Milling cutter 
Fly cutter and its use: The fly cutter is a single-point cutting tool similar to a lathe tool 
mounted in a special holder. Fly cutters are used primarily on a milling machine for 
machining large, flat surface areas. 
(c) How do you relate drilling, boring and rimming? 4 


Answer: 

Drilling: Drilling is the process of cutting holes in a solid material using a rotating cutting 
tool. 

Boring: boring is the process of enlarging a hole that has already been drilled. 

Rimming: Rimming is the process of finishing the internal hole surface. 

10. (a) Classify various manufacturing process. How is welding different from 4 
soldering and brazing? 
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Answer: 
e Casting. 
e Labeling and painting. 
« Molding. 
e Forming. 


e Machining. 

e Joining. 
Welding: Welding is a process of joining two similar or dissimilar metals by fusion, with or 
without the application of pressure and with or without the use of filler metal. 
Soldering: Soldering is a joining process used to join different types of metals together by 
meiting solder. Solder is a metal alloy usually made of tin and lead which is melted using a 
hot iron. 
Brazing: Brazing is a metal-joining process in which two or more metal items are joined 
together by melting and flowing a filler metal into the joint, with the filler metal having a 
lower melting point than the adjoining metal. 
(b) What is oblique cutting? What are its purposes in metal cutting operations? 4.5 
Answer: 
Oblique cutting: Oblique cuttingis a type ofcuttingin which cuttingtool is at 
an oblique angle to the direction of tool motion. In this cutting, the flow of chip is not 
perpendicular to cutting edge. 
Purposes of oblique cutting in metal cutting operations: Oblique cutting generates 

‘transverse cutting force which reduces tool life. Oblique cutting involves principal and 


} auxiliary cutting edges in the cutting action which increases friction and advances wear in the 
‘ cutting tool. 


(c) Sketch a single point cutting tool with negative rake. . 4 


Negative rake angle. 


Cutting tool. 


Workpiece 


Fig: Single point cutting tool with negative rake angle 
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11. (a) What is work sampling? What measures can be taken to ensure 5 
representative work sample in work sampling? 


Answer: 


Work sampling: Work sampling is the statistical technique used for determining the 
proportion of time spent by workers in various defined categories of activity. 


A representative sample is one technique that can be used for obtaining insights and 

observations about a targeted population group. A representative sample is a small subset 

group that seeks to proportionally reflect specified characteristics exemplified in a target 

population. 

Such samples must be representative of the chosen population studied. They must be 

randomly chosen, meaning that each member of the larger population has an equal chance of 

being chosen. They must be large enough so as not to skew the results. 

(b) What is a control chart? How is the lack of a control indicated on a control 5 

chart? 

Answer: Control chart: The control chart is a graph used to study how a process changes 

over time. Data are plotted in time order. A control chart always has a central line for the 

_ average, an upper line for the upper control limit, and a lower line for the lower control limit. 

These lines are determined from historical data. 

The lack of a control is indicated on a control chart by - 

1. A lack of control is indicated whenever a single point falls outside the three-sigma 
control limits. 

2. A lack of control is indicated whenever at least two out of three successive values fall on 
the same side of, and more than two sigma units away from, the central line. 

3. A lack of control is indicated whenever at least four out of five successive values fall on 
the same side of, and more than one sigma unit away from, the central line. 

4. A lack of control is indicated whenever at least eight successive values fall on the same 
side of the central line. 

Rules one and four are the first tests to run because they are easy. Rule 2 and 3 can be used 

when earlier detection is needed. These rules are designed to detect sustained shifts. Other 

run tests should be used to detect oscillation and changes in trends. 

(c) What is measurement? Discuss the application of measurement system. 2.5 

Answer: 

Measurement: Measurement is the numerical quantification of the attributes of an object or 

event, which can be used to compare with other objects or events. 

Applications of measurement system: 


1. Monitoring of process and operation- simply indicating the value or condition of the 
parameter under study. 

2. Control of process and operations- automatic control system a very strong association 
between measurement and control. 

3. Experimental engineering analysis- engineering problems, theoretical and experimental 
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methods may be used depending upon the nature of the problem. 


12. (a) Describe the process of management and explain how it can be used to 6.5 
accomplish results in any organizations. 


Answer: Management process: Management processis a process of setting 
goals, planning and/or controlling the organizing and leading the execution of any type of 
activity. 

Steps are: 


Planning, it determines the objectives, evaluate the different alternatives and choose the best 


Organizing, define the group's functions, establish relationships and defining authority and 
responsibility * 


Staffing, recruitment or placement and selection or training takes place for the development 
of members in the firm 


Directing, is to give the Direction to the employees 


Management in any organization: 


1. It helps in Achieving Group Goals - It arranges the factors of production, assembles 
and organizes the resources, integrates the resources in effective manner to achieve goals. 
It directs group efforts towards achievement of pre-determined goals. By defining 
objective of organization clearly there would be no wastage of time, money and effort. 
Management converts disorganized resources of men, machines, money etc. into useful 
enterprise. These resources are coordinated, directed and controlled in such a manner that 
enterprise work towards attainment of goals. 

2. Optimum Utilization of Resources - Management utilizes all the physical & human 
resources productively. This leads to efficacy in management. Management provides 
maximum utilization of scarce resources by selecting its best possible alternate use in 
industry from out of various uses. It makes use of experts, professional and these services 
leads to use of their skills, knowledge, and proper utilization and avoids wastage. If 
employees and machines are producing its maximum there is no under employment of 
any resources. 

3. Reduces Costs - It gets maximum results through minimum input by proper planning and 
by using minimum input & getting maximum output. Management uses physical, human 
and financial resources in such a manner which results in best combination. This helps in 
cost reduction. 

4. Establishes Sound Organization - No overlapping of efforts (smooth and coordinated 
functions). To establish sound organizational structure is one of the objectives of 
management which is in tune with objective of organization and for fulfillment of this, it 
establishes effective authority & responsibility relationship i.e., who is accountable to 
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whom, who can give instructions to whom, who are superiors & who are subordinates. 
Management fills up various positions with right persons, having right skills, training and 
qualification. All jobs should be cleared to everyone. 

5. Establishes Equilibrium -It enables the organization to survive in changing 
environment. It keeps in touch with the changing environment. With the change is 
external environment, the initial co-ordination of organization must be changed. So, it 
adapts organization to changing demand of market / changing needs of societies. It is 
responsible for growth and survival of organization. 

6. Essentials for Prosperity of Society - Efficient management leads to better economical 
production which helps in turn to increase the welfare of people. Good management 
makes a difficult task easier by avoiding wastage of scarce resource. It improves standard 
of living. It increases the profit which is beneficial to business and society will get 
maximum output at minimum cost by creating employment opportunities which generate 
income in hands. Organization comes with new products and researches beneficial for 
society. 


(b) What are the salient features of project structures of organization? For what 6 
kind of organizations is it more suitable? What are its limitations? 


Answer: Project structure results from the horizontal grouping of a number of functions for 
creating teams to handle specific tasks, or achieve goals. 

Its greatest advantage is its flexibility and responsiveness to innovative ideas. It is especially 
suited where unique solutions are needed to cope with changing environments. 

Project organization structures are most suitable when: 

{. The undertaking or activity is definable in terms of specific goals. 

2. It has a definite completion time schedule and specific cost and quality requirements. 
3. It is in some way unique or unfamiliar to organization. 

4. Its completion requires coordination of a number of specialized skills. 

5. It is of a temporary nature. 

Limitations: The major handicap of project structure is that it often creates a situation of 
conflict of authority between the project manager and corporate functional heads. Project 
managers have also been found to incertain considerable anxiety about their career progress. 
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Subject Code: 901 
Time Allowed—4 hours 
Full Marks—200 
[N.B.— (i) Answer any 10(ten) questions. 

(ii) Figures in the right margin indicate full marks. 
(iii) Symbols have their usual meanings. 
(iv) Assume any reasonable data/assumptions, if required. ] 


Marks 
1.Define (any eight) 2.5X 
(i) Boiler efficiency; 8=20 


(ii) Ton of refrigeration; 

(iii) Specific speed of a water turbine; 

(iv) Pitch and lead of a screw thread; 

(v) Convective heat transfer coefficient; 

(vi) Octane number of a fuel; 

(vii) Brake thermal efficiency of an engine; 

(viii) Signal conditioning of a measurement system; 
(ix) Operational amplifier; 

(x) HCCI engine; 

(i) Boiler efficiency: 

It may be defined as the ratio of heat actually used in producing the steam to the heat 


liberated in the furnace. It is also known as the thermal efficiency of the boiler. 
__ Heat actually used in producing steam _ me(h—hy,) 


Heat liberated in furnace Cc 


Where, 

me = mass of water actually evapurated in kg/kg of fuel 
C = Calorific value of the fuel kJ/kg 

ms 


mg 

m, = total mass of water evaporated in steam 
m, = mass of fuel used in kg 
(ii) Ton of refrigeration: “Fundamentals of Mechanical Engineering vol.1 chapter-6” 
(iii). Specific speed of a water turbine: It is defined as the speed of a turbine which is 
identical in shape, geometrical dimensions, blade angles, gate opening etc. with a actual 
turbine but of such a size that it will develop unit power working under unit head. 
N, = 

s H5/4 
Where, N, = specific speed of the turbine 
N = speed of actual turbine 
H = head under the turbine is working 
P = power developed or shaft power 


Me 
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(iv) Pitch and lead of a screw thread: Pitch is the distance between screw threads and is 
commonly used with inch sized products and specified as threads per inch. 

Lead: The lead for a screw thread is the axial travel for a single revolution. 

(v) Convective heat transfer coefficient: The convection heat transfer 

coefficient in thermodynamics is the proportionally constant between the heat flux and the 
thermodynamic driving force AT. 


h= 2. W/m?7k 
(vi) Octane number of a fuel: Octane number, also called Antiknock Rating, measure of 
the ability of a fuel to resist knocking when ignited in a mixture with air in the cylinder of 
an internal combustion engine. The octane number is the percentage by volume of iso- 
octane in the iso-octane—heptane mixture that matches the fuel being tested in a standard 
test engine. 
(vii) Brake thermal efficiency of an engine: 
It is the ratio of the heat equivalent to one kW hour to the heat in fuel per B.P hour. It is 
also known as overall thermal efficiency of the engine. 
Heat equivalent to one kW hour 
"Nb * “Heat in fuel per B. P hour 
(viii) Signal conditioning of a measurement system: Signal conditioning is the technique 
of making a signal from a sensor or transducer suitable for processing by data acquisition 
equipment. 
(ix) Operational amplifier: An operational amplifier (often op-amp) is a DC coupled 
high-gain electronic voltage amplifier with a differential input and, usually, a single 
ended output. 
(x) HCCI engine: 
Homogeneous Charge Compression Ignition (HCCI) is a form of internal combustion in 
which well-mixed fuel and oxidizer (typically air) are compressed to the point of auto- 
ignition. As in other forms of combustion, this exothermic reaction releases energy that can 
be transformed in an engine into work and heat. 
2. (a) Classify steam boilers. Distinguish between a water tube boiler and a fire 
tube boiler. 7 
There are a large number of boiler designs, but they may be classified according to the 
following criteria: 
1. According to relative passage of water and hot gases: 
(a) Water tube boiler 
(b) Fire tube boiler 
2. According to water circulation arrangement: 
(c) Natural circulation 
(d) Forced circulation 
3. According to use: 
(e) Stationary boiler 
(f) Portable boiler 
(g) Locomotive 
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(h) Marine boiler 

4. According to position of the furnace: 
(c) Internally fired 
(d) Externally fired 

5. According to pressure of steam generated 

(f) Low pressure boiler 

(g) Medium pressure boiler 

(h) High pressure boiler 

(i) Sub-critical boiler 

(j) Super-critical-boiler 

According to the position of the Boiler: Horizontal, inclined or vertical 

According to the charge in the furnace: 

(e) Pulverized fuel 

(f) Supercharged fuel 

(g) Fluidized bed combustion boilers 

1. The hot flue gases pass through 1. Water passes through tubes and hot 
tubes and water surrounds them flue gases surrounds them 

2. The working pressure is high 
enough, up to 250 bar in 
supercritical boilers 


3. The rate of steam generation and 3. The rate of steam generation and 
quality of steam is low quality of steam is better . 
4. Load fluctuations cannot be handled | 4. Load fluctuation can easily be 
handled 


5. It requires more floor area 5. It requires less floor area 
6. Overall efficiency is up to 75% 6. Overall efficiency up to 90% 


7. Water does not circulate ina 7. Direction of water circulation is well 
definite direction defined 


8. Use in process industry 8. Use in large power plant 


(b) Give 5 examples of boiler mountings and examples of boiler accessories. 


ad 


2. These are operated at low pressure 
up to 20 bar 


5 
Answer: Fundamentals of mechanical engineering vol.1-chapter-1 
(c) What are the functions of a superheater? Briefly explain the working 
principle of a boiler economizer. 8 


Answer: 

Superheater: It is a heat exchanger in which products of heat of combustion are utilized to 
dry the wet steam and to make it superheated by increasing its temperature. During 
superheating of the steam, pressure remains constant and its volume and temperature 
increase. 

Economizer: An economizer is a heat exchanger used for heating the feed water before it 
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enters the boiler. The economizer recovers some of waste heat of hot flue gases going to 
the chimney thus it helps in improving the boiler efficiency. It is placed in the path of flue 
gases at the rear end of the boiler just before the air preheater. 


Fig: Boiler with economizer 
3. (a) What is meant by thermal resistance? Derive an expression for the 
thermal resistance through a hollow spherical shell of inside radius rj and 8 
outside radius r, having a thermal conductivity K. 
Thermal resistance: Thermal resistance is a heat property and a measurement of a 
temperature difference by which an object or material resists aheat flow. Thermal 
resistance is the reciprocal of thermal conductance. 
Expression of thermal resistance: ‘ 


Let us consider a hollow sphere as shown above. 
Tin = Inside temperature. 
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Tout = Outside temperature. 
r; = Inside radius. 

To = Outside radius. 

k = Thermal conductivity 
We know; 


dT 
eae gy or 
q = —k(4nr*) oe 
dr 4ntkdT 
r2 q 


Pir; 
2 1 4m 


k 
BT rg) oq Clin ~ Tout) 


To Ti = 4nk(Tin — Tout) 


q 
(Tin = out) 
Po 7 Ti 
4nkri¥o 
To7 Ti 


.. The expression for thermal resistance of hollow spherical shell, R = PE 


(b) A steel ball [c = 0.461 J/kg-K, K=35w/m k] 5.0 cm in diameter and initially at a 
uniform temperature of 450°C is suddenly placed in a controlled environment in 7 
which the temperature is maintained at 100°C. The convective heat transfer . 
coefficient is 10w/m7K. Calculate the time required for the ball to attain a 
temperature of 150°C. 

Solution: Given, cy = 0.461 J/kg — K; k = 35 w/m K and h = 10 w/m’K 


7 axnxr3 4xmx0.0252 
isti = — = = —_3__ = 
Characteristics length, L, = re at PT PET 0.00833m 
-. Biot number= = = —= = 0.00238 so the lumped system is applicable. 
We know; 
2 

b =A = 0a? + = 0.3312"! _ [let density of steel ball= 7860 kg/m?] 

pVCp 7860x892 x0.461 
T()-T(a) bt 
T@)-T(a) — 

(1504+273)-(100+273) _— ,-0.3312t 


(450+273)—-(100+273) 
“. t = 5.87 sec (Answer) 
(c) Calculate the net radiant interchange per unit area for two large planes at 
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temperature 540°C and 315°C respectively. Assume that, the emissivity of the 5 
hot and cold plates are 0.9 and 0.7 respectively. 
Solution: 
Given; T, = (540 + 273)K = 813 K; T, = (315 + 273)K = 588K; 
&=0.9 and ¢€=0.7 
We know, Stefan Boltzmann constant o = 5.67 x 1078 w/m? K* 
i =") 
rn ete 
= SN 11686 w/m? (Answer) 

0.9 0.7 
4.(a) A reservoir 100m long and 100m wide is provided with a rectangular notch 
2m long. Find the time required to lower the water level in the reservoir from 10 
2m to 1m in Cy = 0.6. 
Solution: Area of reservoir A = 100 x 100 = 10000m? 
Length of notch L = 2m 
Initial height of water H, = 2m 
Final height of water H = 1m 
Co-efficient of discharge Cg = 0.6 

3A 1 1 | 


So net radiant per unit area, q = 


Required time, T = CaxixVag) Vi \ Va, 
____ 3x10000 ay. a 
~ 0.6x2xV(2x9.81) L¥1 Al 
= 1653 sec = 27.55 min (Answer) 
(b) Two reservoirs are connected by three pipes laid in parallel. Their diameters 
are d, 2d and 3d respectively. What will be the discharge through each of larger 10 
pipes, if the smallest pipe is discharging 1m*/s? 
Solution: 
Assume; the length of three pipes and friction co-efficient of three pipes are same. 
For parallel pipes head loss due to friction is constant. So head loss is given by; 
_ 4fiv? _ 4flv2 ss 4fiv3 
f"2gd  2g(2d)  2g(3d) 
-4=2and $=3 
Vi vi 
Q, = discharge through the pipe of diameter d (pipe1). 
= 1 m?/s (given) 
Let, Q , = discharge through the pipe of diameter 2d (pipe2). 
Q2 = discharge through the pipe of diameter 3d (pipe3). 
A, =Cross-sectional area of pipe of diameter d. 
md? 2 
my a 
A, =Cross-sectional area of pipe of diameter 2d. 
— m(2d)? 
: m? 
A3 =Cross-sectional area of pipe of diameter 3d. 


where v,, V2 and v3 are velocity in pipel, pipe2 and pipe3 
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3d)? 
= me ) m2 
So from continuity equation; 
Qi =Aiv, and Q2=A2v2 and Q3 = A3v3 


m(2d) 


Qe _ Aave _ Movs ad va ae 
QQ. Ai, ev = Sao x= 4x v2 [since - =2| 
Q,=4x V2 x Q, = 5.66 m?/s (Answer) 
Similarly, : 
n(3d)? 

Os a Rave gs ds see Vee 

P Fiat ere ay, =a oF =9xv3 [since ao 
~Q3; =9*x v3 xX Q, = 15.58 m?/s (Answer) 
5. (a) Distinguish between a pump and a water turbine. 5 
Answer: 


1. Input is mechanical energ 1. Input is hydraulic energy 
2. Output is hydraulic energ 2. Output is mechanical energy 


3. Total dynamic head to be generated by | 3. Available head decreases with 
pump increases with increasing flow increasing flow 


t 
4. Impeller rotates to the opposite | 4. Runner rotates to the opposite direction 
direction of turbine runner of pump impeller 


5. Positive displacement pump, | 5. Impulse and reaction turbine 
centrifugal pump 
(b) Distinguish between an impulse and a reaction turbine. 5 
Answer: 


Impulse Turbine 


1. Pressure drop takes place in both fixed 
blades and moving blades. Thus, pressure 
values is different on the two sides of the 
moving blades. 


1. Pressure drops takes place in nozzle 


only and pressure remains constant in 
moving blades. 


Fundamentals of Mechanical Engineering 


2. Blade shape is profile type and its 
manufacturing cost is simple. 


3. Blade passage is of constant cross- 
sectional area since there is no expansion. 


4. Because of large pressure drop in 
nozzle, the numbers of stages are less. 
5. Because of large pressure drop, the 


blade speed and steam speed are larger. 


6. Overall friction losses are more 
compared to leakage losses. 


7. Occupies less space per unit power. 


8. Suitable for small power. 
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2. Blade shape is aero foil type and its 
manufacturing is difficult. 


3. Blade passage is of variable cross- 
sectional area due to expansion. 


4. Because of small pressure drop in each 
stage, the numbers of stage are larger for 


Same pressure drop. 


5. Because of small pressure drop, the 
blade speed and steam speed are small. 


6. Leakage losses are more compared to 


‘friction loss. 


7. Occupies more space per unit power. 


8. Suitable for medium and large power. 


(c) A Pelton wheel has a mean bucket speed of 12m/s and is supplied with 


water at the rate of 750 litters/s under a head of 35m. If the bucket deflect the 


10 


jet through an angle of 160°, find the power and efficiency of the turbine. Take 


the coefficient of velocity as 0.98. 


Solution: Given, U = 12 m/s;Q = 750 x 1073 m3/s;H = 35m; 


@ = 180 — 160 = 20°; C, = 0.98 
We know, For Pelton wheel, 
Work done per unit mass = 


_. (12x25.68-127)(1+cos 20°) | 
9.81 : 


= 32.46 J/kg 


(UV,-U?)(1+c0s ¢) 


g 
(V, = 0.98,/2gH = 25.68 m/s] 


-. Power = y X Q(Work done per unit mass) 


= 1000 x 9.81 x 0.75 x 32.46 
= 238824.45 W or 238kW (Answer) 


_. work done perunit mass _ 32.46 


= — = 92.7% = 93% (Answer) 


Head 35 


6. (a) Derive, from fundamental, the relation for deformation of a body when it 


is subjected to its own weight. 


Consider a bar of circular cross section and uniform diameter throughout. Consider it to be 
suspended from a rigid support and its top end, such that it is in a hanging in a vertical 
position as shown in the figure. 


BCS QB-92 Fundamentals of Mechanical Engineering 


Let, 
A = Uniform cross sectional area of the bar 

E = Young’s modulus for the bar 

L = Length of the bar 

p = Weight of the bar, per unit length, for the material of the bar 

Consider an element of length ‘dy’ at a distance of ‘y’ from the bottom of the bar being 
elongated due to the force ‘P’, at section x-x, as shown in the figure. 


Weight of portion below x-x=P=p x A. . y 

Change in length of the element dy= = —= ees = ae 

For total change in the length of the bar we need to idiearnte along the length 
Total change in length ={, == — = 


On integrating, we get, 


This is the expression for the elongation of a uniform bar under self-weight. 
(b) A steel rod ABC is firmly held between two rigid support A and C as shown $10 
is Fig. 6(b) :- 
a 2 
A, ~ 400 mm A, * 600 eon? 
A B c 


$0 cm BO cm 


Fig. 6 (b) 
Find the stress developed in the two portions of the rod where it is heated 
through 15K. Take o=12X10°/K and E=200GPa. 
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Solution: Given, 
A\=400mm? —1,;=50cem 
A>= 600mm? ~—h=80em 
AT = 15K 
a= 12x 10-°/K 
E=200Gpa 
As the two end is fixed 
(57). + (r)2 = (5p)1 + (Sp)2 
L, ly 


=> (aL, AT), + (aL2,AT)2 = POE a ADE 


0.5 0.8 
-~6 = P-——— uc + 
= 12 x 10-6 x 15(0.5 + 0.8) = PO aan + sO 409 DOD) 
= P = 18116.13 N 


P 18116.13 
O71 S80" 


= 2 
A, 400x107 45290325N/m* (Answer) 
P 18116.13 


02 = — = ——— = 30193550N/m? (Answer) 
Az 600x10 

(c) Distinguish between circumferential stress and longitudinal stress in a 4 

cylindrical shell when subjected to an internal pressure. 


Circumferential stress Longitudinal stress 


Acts tangent to the surface of cylinder. Acts parallel to the longitudinal axis of 
cylinder 
a ee ae 
Oo.= 


7. (a) What are the basic laws of thermodynamics? What are the limitations of 10 

first law? 

Fundamentals of mechanical engineering vol.-1, Chapter-1. 

Limitations of First Law of Thermodynamics 

e The limitation of the first law of thermodynamics is that it does not say anything about 
the direction of flow of heat. 

e It does not say anything whether the process'is a spontaneous process or not. 
The reverse process is not possible. In actual practice, the heat doesn’t convert 
completely into work. If it would have been possible to convert the whole heat into 
work, then we could drive ships across the ocean by extracting heat from the water of 
the ocean. 

(b) An engine works between the temperature limits of 1000°C and 0°C. What 5 

can be the maximum thermal efficiency of the engine? 


Solution: T, = 1000°C = 1000+273 K =1273 k and T, = 0°C = 0+273 K = 273 K 
= Tate _ 273-278 — 9.786 = 78.6 % (Answer) 
(c) 0.1m? of air at a pressure of 1.5 bar is expanded isothermally to 0.5m* 5 
Calculate the final pressure and heat supplied during the process. 
V:-0.1m*> V2-0.5 m’ 
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P,;=1.5bar P2-? 
Heat supplied, Q=? 
For isothermal process, 


Pi _ ve 
Pr Vy 
P px 
re 
= 15x 
= 0.3 bar 


Heat supplied during the process, Q = 2.3 x P, XV, xX log = 
1 


>Q = 23x15 x 105 x 01x log 


= 24114.46 J = 24.114 KJ (Answer) 


8.(a) Show that, in a band and block brake the ratio of maximum and minimum 
1+ os) 8 


gets a. 
tensions in the brake straps is: “~ = (——_ 
min 1-ptand 


Answer: 


(a) (b) ‘ 
The band brake may be lined with blocks of wood or other material, as shown in Fig. (a). 
The friction between the blocks and the drum provides braking action. Let there are ‘n’ 
number of blocks, each subtending an angle 20 at the centre and the drum rotates in 
anticlockwise direction. 
Let T, = Tension in the tight side, 
T2= Tension in the slack side, 
wt = Coefficient of friction between the blocks and drum, 
T,’ = Tension in the band between the first and second block, 
T,’, T;’etc. = Tensions in the band between the second and third block, between the third 
and fourth block etc. 
Consider one of the blocks (say first block) as shown in Fig. (b). This is in equilibrium 
under the action of the following forces : 
1. Tension in the tight side (T)), 
2. Tension in the slack side (T,’) or tension in the band between the first and second block, 
3. Normal reaction of the drum on the block (Ry), and 
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4. The force of friction (u.Rn). 
Resolving the forces radially, we have (T, + T,’) sinO= Ry ... ... .. ee @ 
Resolving the forces tangentially, we have (T, — T,') cos6= uRy ... ... ... (ii) 
Dividing equation (ii) by (i), we have 
(T2-T1') cos — HRN 
(T,4+T1') sind Rn 
=> (T, — T,’) = ptané (T, + T,’) 
Ti _ 1+ptand 
Ti i, 1—ptané 
Similarly it can be proved for each of the blocks that 


Ty! _ T,’ _ T;' rs _— Tn-1 it 1+ptan8 
T,’ = T3' — T,! od Ss 2. a ee 2 T2 2 1- itan8 
Ty Ty Ty’ T,' x TE -1 1+ptan8 n 
eS =Eeaxaxsx = 
TT,  Ty! °° T2! Ts’ Serer rey (Shown) 
(b) Explain briefly the differences among simple, compound and epicyclic gear 7 
trains. What are the special advantages of epicyclic gear train? 


Only one gear in each shaft | There is more than one gear | The axis of shaft on which 
and there is a relative on the shaft which is rigidly | the gear are mounted may 
motion between shaft axis. | fixed and meshed with the | move relative to the fixed 
gear on another shaft axis 
forming gear train. 
For large speed reduction, | For large speed reduction For large speed reduction in 
large size of gear is the small gear ratio is high velocity moderate size 
required. required. gear is required. 
Special advantages of epicyclic gear train: 

1. Coaxial arrangement of input shaft and output shaft 

2. Load distribution to several planetary gears 

3. High efficiency due to low rolling power ‘ 
4. Almost unlimited transmission ratio options due to combination of several planet stages 
5. Suitable as planetary switching gear due to fixing this or that part of the gearbox 

6. Possibility of use as overriding gearbox 

7. Favorable volume output 

8. Suitability for a wide range of applications 

(c) Find the power transmitted by a belt over a pulley of 60cm diameter at 200 5 
rpm. The coefficient of friction between the belt and the pulley is 0.25, angle of 
lap 160° and maximum tension in the belt is 2500N. 

Solution: Given: Diameter of pulley, D = 60cm = 0.6m 

Speed of pulley, N = 200 rpm 

Friction co-efficient, p = 0.25 

Contact angle, 8 = — = 2.793 rad 


Tension on tight Side. T= = 2500N 
Tension on slack side = T, 
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We know; 


. DN __ 3.1416x0.6x200 
velocity of belt, V = aT ae 


= 6.2832 m/s 


60 
we also know, 
Th = els 
T2 
Ty (0.252.793) 
mm = EW eeKe = 2.01 
T2 

ye a Ls 1043.78 N 
2= 901 201 
:. Power transmitted by belt P = (T, — T,)V = (2500 — 1243.78) x 6.2832 
= 7893 watt (Answer) 
9.(a) Draw the acceleration diagram of a slider-crank mechanism. 5 
(a) Slider crank mechanism. (b) Acceleration diagram. 

(b)Explain clearly the terms ‘static balancing’ and ‘dynamic balancing’. 6 


Explain the necessary conditions to achieve them. 

Static balancing: This process is utilized to balance systems that have iationy 
components with an overall center of gravity on the axis of rotation. With a static balance 
correctly calibrated, an object can remain perfectly balanced even while motion occurs, 
such as the switching of positions of a machine component. 

Necessary condition: 

This condition is attained when the sum of the centrifugal forces on the rotating mass due 
to unbalanced masses is zero in any radial direction. Or i) Static balancing is a balance of 
forces due to action of gravity. ii) A body is said to be in static balance when its center of 
gravity is in the axis of rotation. 

Dynamic balancing: When a component or assembly does not create centrifugal force 
with rotation, it’s dynamically balanced. An imbalance in rotation creates exponentially 
growing centrifugal force that pushes a system more and more off balance, quickly leading 
to a failure or breakdown. Balancing with counterweights that are precisely calibrated 
allows a rotation to remain dynamically balanced indefinitely if no other external forces are 
applied. 
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Necessary condition: 
1) The net dynamic force acting on the shaft is equal to zero. 
ii) The net couple due to dynamic forces acting on the shaft is equal to zero. 
(c) Four masses 200 kg, 300 kg, 240kg and 260 kg are rotating in the same plane 9 
of a shaft. The corresponding radii of rotation are 0.2m, 0.15m, 0.25m and 0.3m 
respectively and angles between successive masses are 45°, 75° and 135°. Find 
the position and magnitudes of the balance mass required if its radius of 
rotation is 0.2m. - 
Solution: 
Given; 8, = 0°; 6, = 45°; 6, = 45° + 75° = 120°; 6, = 45° + 75° + 135° = 255° 
m, = 200 kg; mz = 300 kg; mz = 240 kg; m, = 260 kg; r,; = 0.2 m; r2 = 0.15m 
rz; = 0.25m;r,g = 0.3m;r=0.2m 
Let, m = Balancing mass 
8 = Position of balancing mass 
“ my4r, = 200 x 0.2 = 40 kg.m 
M2rz = 300 x 0.15 = 45 kg.m 
m3r3 = 240 x 0.25 = 60 kg.m 
m4r4 = 260 x 0.3 = 78 kg.m 
Now, ZH = mr, cos8, + myrzcos6, + m3r3cos83 + my4r4 cos 64 
= 40cos0 + 45cos45 + 60cos120 + 78cos 255 
= 21.63 kg.m 
XLV = mr, sin8, + mgrz sin8, + m3r3sin83 + myr,sin 0, 
= 40sin0 +45sin45 + 60sin120 + 78sin255 


= 8.44kg.m 
Resultant, R = ¥[() H)? + OQ) V)?] = J (21.632 + 8.442) = 23.22kg.m 
We know that, 
mr=R 
m= <= = 116.1 kg (Answer) 
And tan 6’ = a satay 
« 6’ = 21.32° 


Since 6’ is the angle of the resultant R from the horizontal mass of 200 kg , therefore the 
angle of the balancing mass from the horizontal mass of 200 kg, 

8 = 180° + 21.32° = 201.32° (Answer) 

10. (a) Define free vibrations, forced vibrations and ss i vibrations. Give 6 
suitable examples. 

1. Free or natural vibrations: When no external force acts on the body, after giving it an 
initial displacement, then the body is said to be under free or natural vibrations. The 
frequency of the free vibrations is called free or natural frequency. Examples of this type of 
vibration are pulling a child back on a swing and letting it go, or hitting a tuning fork and 
letting it ring. 
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2. Forced vibrations: When the body vibrates under the influence of external force, then 
the body is said to be under forced vibrations. The external force applied to the body is a 
periodic disturbing force created by unbalance. The vibrations have the same frequency as 
the applied force. 

Note: When the frequency of the external force is same as that of the natural vibrations, 
resonance takes place. Example: When a washing machine shakes due to an imbalance. 

3. Damped vibrations: When there is a reduction in amplitude over every cycle of 
vibration, the motion is said to be damped vibration. This is due to the fact that a certain 
amount of energy possessed by the vibrating system is always dissipated in overcoming 
frictional resistances to the motion. Some examples of damped vibrations are oscillations 
of branch of a tree, sound produced by tuning fork over longer distances, etc. 

(b) Deduce an expression for the natural frequency of free transverse vibrations 7 
for a simply supported shaft carrying uniformly distributed mass m kg per unit 
length. 

Consider a shaft of negligible mass, whose one 
end is fixed and the other end carries a body of 


weight W. s [3 
Let s = Stiffness of shaft, Mean pasHion ay 227. 
5 = Static deflection due to weight of the 1” | . 
body, ; ramasee: 
x = Displacement of body from mean — rsa aE epee 
position after time t. be J = 
m = Mass of body = W/g 
nat 
Restoring force = — s.x .... (i) ot 


: d? i vatat ‘a Mibpati 
Accelerating force = m X = ii) Figure: Natural frequency of free transverse vibration 


Equating equations (i) and (ii), the equation of motion becomes 


d?x d?x 
—=-=-s. x= x= 
m X oe SX orm X 77+ s.x=0 
d*x s 
qe to me 0 


Hence, the time period and the natural frequency of transverse vibrations are same as 
longitudinal vibrations are same as that of longitudinal vibrations, therefore - 


Time period, tp = 21 - 


SE eS ee ae 
Natural frequency, fn = tp am iP aL 


(c) A shaft of length 0.75 m, supported freely at the ends is carrying a body of 7 
mass 90 kg at 0.25 m from one end. Find the natural frequency of transverse 
vibration. Assume E=200GN/m” and shaft diameter = 5cm. 
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Solution: 

Given: 1 = 0.75 m; m= 90 kg; i 

a= AC=0.25 m;_ | 

E = 200 GN/m? = 200 x 109 N/m?; A c -B 


d=50 mm = 0.05 m 

We know that moment of inertia of the shaft, 

I= = x dt = = x 0.05* m* = 0.307 x 10-6 m* 
and static deflection at the load point (i.e. at point 
C), 


25m-+|<—0.5m ——> 
0.75m — 


fis Wa?b? be 90 x9.81 x(0.25) x0SY: = 0.1 x 1073 m (-b =BC = 0.5 m) 
3EIL 3X200 x 109x0.307 x 107°x0.75 
We know that natural frequency of transverse vibration, 
fy = So - ae - 49.85 Hz (Answer) 
11.(a) Classify internal combustion engines. 5 
Book: Fundamentals of Mechanical Engineering vol.-1, chapter-2 
(b) “Factors tending to increase denotation of SI engines tend to reduce knock 7 


in CI engines”—Discuss the validity of the statement. 
Characteristics tending to reduce knock: 


Characteristics CI Engine 
Ignition delay Short 
L 

Hi 


Inlet pressure High 

Combustion wall temperature igh 

So “Factors tending to increase detonation on SI engines tend to reduce knock in CI 
engines” the statement is valid. 

(c) A 4-stroke diesel engine has a cylinder bore of 150mm and a stroke of 8 
250mm. The crankshaft speed is 300 rpm and the fuel consumption is 1.2 kg/hr 
having a calorific value of 39900 kJ/kg. The indicated mean effective pressure is 

5.5 bar, if the compression ratio is 15 and cut off is 1.8. Calculate the indicated 
thermal efficiency and the air standard efficiency. 

Solution: 

Given, P,, = 5.5bar; L=.25m; D=0.15m; A = =D? = =.15? = 0.0177m? 


N=300rpm; n = ~ = 150; Compression ratio, r=15; Cut off ratio, p = 1.8 


y = 1.4; mp = 1.2kg/hr; C=39900kI/kg 
100kP,,LAn 


60 


Now, Indicated Power = 
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100 x 5.5 x 0.25 x 0.0177 x 150 
= —  —_ = 608k W 


60 
I.P.x 3600 6.08 x 3600 


Indicated thermal efficiency = mm xXC 1.239900 
f : 


= 45.71% (Answer) 


<i 1 ee ae 
Air Standard efficiency = 1 — =i C@-t! 
=1 __1i_ 18h = 1 = 61.4% (A 
~~ 45tent ars =p, one 
12.(a) What is meant by thermal boundary layer? 5 


Answer: 
A thermal boundary layer develops when a fluid at a specified temperature flows over a 
surface that is at a different temperature, as shown in the figure. 


T, + 0.9K, = T,) 


Figure: Thermal boundary layer on a flat plate 
Consider the flow of a fluid at a uniform temperature of To over an isothermal flat plate at 
temperature T;. The fluid particles in the layer adjacent to the surface will reach thermal 
equilibrium with the plate and assume the surface temperature T,. These fluid particles will 
then exchange energy with the particles in the adjoining-fluid layer, and so on. As a result, 
a temperature profile will develop in the flow field that ranges from T, at the surface to Too 
sufficiently far from the surface. The flow region over the surface in which the temperature 
variation in the direction normal to the surface is significant is the thermal boundary layer. 
The thickness of the thermal boundary layer t at any location along the surface is defined as 
the distance from the surface at which the temperature difference T—T, equals 
0.99(Ta—T;). Note that for the special case of T; = 0, we have T = 0.99T, at the outer edge 
of the thermal boundary layer, which is analogous to u = 0.99u. for the velocity boundary 
layer. 
The thickness of the thermal boundary layer increases in the flow direction, since the 
effects of heat transfer are felt at greater distances from the surface further downstream. 
(b) A large vertical plate 4m high is maintained at 60° C and exposed to 10 
atmospheric air at 10° C. Calculate the heat transfer if the plate is 10m wide. 
Solution: 
We first determine the film temperature as 


Ts + Teo 
i= ae = 35°C = 308K 
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The properties are: B = = = 3.25x1073, K = 0.02685 W/mK, V= 16.5x10~, Pr=0.7 
The Rayleigh number can be found: 


-3 os 3 
Ra=GrPr= 2ox325%20 x60" 10)x0" 0.7 = 3.743 x 1022 
(16.5x10~§) 


The Nusselt number can be found: 
Nu = 0.1Ra?/3 = 0.1 x 3.743 x 1011 = 720.7 


The heat-transfer coefficient is h = S2% = 2207*0.02685 _ 4 94 W/m?K 


The heat transfer is: Q = hACT,; — Too) 

= 4.84 x 4 x 10 x (60 — 10) = 9.675KW (Answer) 

(c) Define comfort. What are the factors affecting the thermal comfort? 5 
Thermal Comfort: Human thermal comfort is defined as a condition of mind, which 
expresses satisfaction with the surrounding environment. High temperatures and humidity 
provide discomfort sensations and sometimes heat stress (i.e., reducing the body's ability to 
cool itself). 

Factors affecting the thermal comfort: 

(i)Temperature of air 

(ii) Humidity of air 

(iii)Purity of air 

(iv)Motion of air 

(v)Clothing 

(vi)Sex and age 

(vii) Activity 

13. (a) Distinguish amon brazing and soldering. 5 


9 s welding g 


Welding Soldering 
Base metal fused Base metal doesn’t fuse Base metal doesn’t fuse 


High temperature, high Low temperature, low Low temperature, low 
power power. power. 


High distortion. Low distortion No distortion 
High stress in joints Low stress in joint Low stress in joint 


Microstructure of base No change in No change in 

metal change microstructure in base microstructure in base 
metal metal 

D 

T 


Ne 


issimilar metal difficult to | Dissimilar metal easy to Dissimilar metal easy to 
join join join 
hin sheet difficult to weld. | Thin sheet can be joined Thin sheet can be joined 


High swengih ofjomt 
(b) What are the functions of coating on shielded electrodes? 5 
Answer: Coating on shielded electrodes provides a protective gaseous atmosphere to 
prevent oxygen, hydrogen, and nitrogen picked up by the molten metal. Reduce spatter of 
weld metal — when coating burns off slower than the core. Slows down the cooling rate of 


BCS QB-102 Fundamentals of Mechanical Engineering 


the weld (due to the protective layer of slag) to prevent hardening. 


Electode Protective gas 
cover 


Direction of \y \ y Slag covering 


travel 


Yc AAAAARAAAAS ARAN 


MA 


Sea. See 
Ay 

Soliditied 

weld metai 


Fig: Arc welding with a coated electrode 
(c) Explain the principles of operation of resistance welding with neat sketches. 10 


Depth of 
penetration 


Arc steam — are crater 


Resistance Welding: 

Resistance welding is a welding technology widely used in manufacturing industry for 
joining metal sheets and components. The weld is made by conducting a strong current 
through the metal combination to heat up and finally melt the metals at localized point(s) 
predetermined by the design of the electrodes and/or the work-pieces to be welded. A force 
is always applied before, during and after the application of current to confine the contact 


area at the weld interfaces and, in some applications, to forge the work-pieces. 
Resistance welding processes/ principles of operation: | 


Depending on the shape of the work-pieces and the form of the electrodes, resistance 
welding processes can be classified into several variants among which the most commonly 
used are spot welding, projection welding, seam welding and butt welding. More details 


are described below: 
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e Resistance Spot Welding 


Spot welding is a resistance welding process for joining metal sheets by directly applying 
opposing forces with electrodes with pointed tips. The current and the heat generation are 
localized by the form of the electrodes. The weld nugget size is usually defined by the 
electrode tip contact area. 

Spot welding is the predominant joining process in automotive industry for assembling the 
automobile bodies and large components. It is also widely used for manufacturing of 


furniture and domestic equipment etc. 
e Resistance Projection Welding 


Projection welding is a resistance welding process for joining metal components or sheets 
with embossments by directly applying opposing forces with electrodes specially designed 
to fit the shapes of the work-pieces. The current and the heat generation are localized by 
the shape of the work-pieces either with their natural shape or with specially designed 
projection. Large deformation or collapse will occur in the projection part of the work- 
pieces implying high process/machine dynamics. 


Projection welding is widely used in electrical electronics, automotive and construction 
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industries, and manufacturing of sensors, valves and pumps etc. 


e Resistance Seam Welding 


Seam welding is a resistance welding process for joining metal sheets in continuous, often 
leak tight, seam joints by directly applying opposing forces with electrodes consisting of 
rotary wheels. The current and the heat generation are localized by the peripheral shapes of 
the electrode wheels. 

Seam welding is mostly applied in manufacturing of containers, radiators and heat 
exchangers etc. 


e Resistance Butt Welding 


Butt welding is a resistance welding process for joining thick metal plates or bars at the 
ends by directly applying opposing forces with electrodes clamping the work-pieces. A 
forging operation is applied after the work-pieces are heated up. Often no melt occurs, thus 
a solid-state weld can be obtained. 

Butt welding is applied in manufacturing of wheel rims, wire joints and railway track joints 


etc. 
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e Single-Sided (One-Sided) Resistance Welding 

Is a special resistance welding process where a spot weld is made with only one electrode 
accessing from one side to the weld zone with or without a backing plate from the other 
side. Low weld force is usually used, which limits the single-sided (one-sided) spot 
welding to joining of relatively thin sheets. It may be useful for welding components with 
limitation of electrode access from both sides. 

e Resistance Weld Bonding 

Is a combined joining process with adhesive bonding and resistance welding. The adhesive 
is applied to the faying surfaces of sheets to be welded, and subsequently resistance spot 
weld is made through the sheets before curing of the adhesive. The joint can have good 
strength from the spot welding and good stiffness from the adhesive bonding. 

e Cross Wire Welding 

Is a resistance welding process for joining bars or wires in cross joints by directly applying 
opposing forces with usually flat electrodes. The current and the heat generation are 
localized at the contact points of the crossed bars or wires. Cross wire welding is widely 
used in construction and electrical industry as well as for manufacturing of metal wire nets 
and shopping trolleys etc. 

e Indirect Spot Welding 

Is a special resistance welding process where a single spot weld is made with one electrode 
directly connecting to the weld zone, while the other electrode is offset 

at a distance, but still conducts the current along the work-piece. 

e Series Spot Welding 

Is a special resistance welding process where two spot welds are made at the same time 
with two electrodes offset at a distance but still conducting the current along the work- 
pieces between the two welds. 


e Micro Resistance Welding 

Refers to the resistance welding processes for joining micro or miniaturized components, 
which in principle can be any of the above-mentioned process variants but in a micro scale. 
14. (a) Draw a typical schematic diagram to show the key components of 5 
thermal power plant. 
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Answer: 


Ryp 


Turbine 


Pulverizer 


Precipitator 


Feedwater 
Pump 


Fig.: Schematic diagram of a thermal power plant 
(b) Distinguish between window type and split type air-conditions. 5 
Answer: : 


connecting pipes are placed on the same 
base 


Occupies more space than split AC Occupies less space 
Installation is eas Installation is not as easy as Window AC 
Multiple cooling units is not possible Multiple cooling unit is possible 


Cheaper than the split AC for the same Costlier than Window AC for the same 
tonnage tonnage 


More noise (AIR) than Split AC Less noise compared to Window AC 
Difficult for service 
Max. capacity is 2.0Ton Capacity not restricted to 2.0Ton 


(c) What are the key components of the cooling load of a typical office room? 10 
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Answer: 
Components of cooling load calculation are: 
(5) Internal heat load: 
(c) Heat load from lighting system and equipment’s 
Q,. = sum of ratings of equipments and lighting lamps 
(d) Heat gain from human body: 
Q; = No. of occupants x heat gain rate per person 
(6) Wall heat load: Heat loss or gain by thermal transmission through a building wall can 
be calculated as 
Qw = UAT) wan 
(7) Infiltration and ventilation load: Infiltration is defined as the uncontrolled entry of 
outside air directly into the conditioned space due to wind and bouncy effect arising out of 
temperature difference between inside and outside environments. 
Ventilation is defined as the air intentionally mixed with recalculated air to meet the 
oxygen requirement of the occupants. 
(8) Solar heat gain through glass windows and walls: The solar load can be given by the 
directly transmitted radiation as Q,(t) = AwS(t)E 
Where, S(t) is the solar heat gain coefficient function, t is the time, E is the irradiance of 
the direct solar beam W/m”, and Aw is the window area of the data center in m?. 
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36" BCS 
SUNDORBAN 
Subject code: 901 
Time allowed: 4 hours 
Full marks- 200 


[N.B (i) Answer any 10 questions 
(ii) Figures in the right margin indicates full marks 
(iii) Symbols have their usual meanings 
(iv) Assume any reasonable value for missing data, if required. ] 


1. Choose the correct statements 10x2 
(a) The variable which control the physical properties of a perfect gas are- 
(i) Pressure exerted by the gas 
(ii) Volume occupied by the gas 
(iii) Temperature of the gas 
(iv) All of the above 
(b) Which of the following statement is correct? 
(1) A grey body is one which absorbs all the radiations incident on it 
(ii) At the thermal equilibrium the absorptivity and emissivity are same 
(iii) The energy absorbed by a body to the total energy falling on it is called 
Emissivity. 
(iv) A perfect body is one which is black in color 
(c) A good refrigerator should have- 
(i) High latent heat of vaporization & low freezing point ~ 
(ii) High operating pressure & low freezing point 
(iii) High specific volume & high latent heat of vaporization 
(iv) Low COP & low freezing point 
(d) A differential manometer is used to measure- 
(i) Atmospheric pressure 
(ii) Pressure in pipes & channels 
(iii) Pressure in venturi meter 
(iv) Difference of pressure between two points in a pipe 
(e) The function of a guide vane in a reaction turbine is to- 
(1) allow the water to enter the runner without shock 
(ii) allow the water to flow over them, without forming eddies 
(111) allow the required quantity of water to enter the turbine 
(iv) all of the above 
(f) A centrifugal pump will start to delivering liquid only when the 
Pressure rise in the impeller is equal to- 
(i) kinetic head 
(11) velocity head 
(iii) manometric head 
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(iv) static head 
(g) When a cantilever beam is located with a concentrated loads, the 
Bending moment diagram will be a- 
(1) horizontal straight line 
(ii) vertical straight line 
(iii) inclined straight line 
(iv) parabolic curves 
(h) The maximum shear stress in a thin cylindrical shell subjected to 
Internal pressure P is- 
(i) pd/At (ii) pd/2t (iii) pd/4t (iv) pd/8t 
(i) Euler’s formula holds good for only- 
(i) Short columns 
(ii) Long columns 
(iii) Both long & short columns 
(iv) Weak columns 
(j) The object in producing draught in a boiler is- 
(i) to provide an adequate supply of air for the fuel combustion 
(ii) to exhaust the gasses of combustion from the combustion chamber 
(iii) to discharge these gasses to the atmosphere through the chimney 
(iv) all of the above 
2. (a) State the 1“ law of thermodynamics. Prove the 1“ law of 07 
thermodynamics is the law of Conversion of energy. 
1“ law of thermodynamics: 
a) The heat and mechanical work are mutually convertible. i.e. 6 dQ = § dW 
b) The energy can neither be created nor destroyed though it can be transformed from one 
to another form. i.e. 8Q — 5W = 5E 
Energy conservation: ' 
Let us consider a process that involves only heat transfer but no work interaction. A hot 
potato taken form an oven is exposed to the atmosphere in room temperature. As a result, 
its energy will decrease. In absence of other effects, the decrease of total energy of the 
potato becomes equal to the amount of heat transfer to the surroundings. Therefore, the 
principle of conservation of energy can be expressed as, 


Surroundings 


Potato at 100°C at 30°C 


AE= -30kJ 
Sy Heat 


Q= -30k) 


Fig. Hot Potato Losing its energy as heat to the surroundings 
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—AE = —Q; where AE = E, — E,; 

=>Q = AE; where W = 0 

In the absence of any work interaction between a system and its surroundings, the 
amount of heat transfer is equal to the change in the energy of a system. [Proved] 


(b) What is the viscosity? Derive and discuss the Newton’s law of viscosity. 07 
Viscosity: See at Fundamentals of mechanical engineering vol.1, Chapter-3. 
(c) An engineer claim his engine to develop 3.75 kW. On testing, the engine 06 


0.44 kg of fuel per hour having a calorific value 42000 kJ/kg. The maximum 
temperature recorded in the cycle is 1400°C & minimum is 350°C. Check 
whether the engineer Claim is correct or not. 

Solution: 

Given, 

P’ = 3.75 kW; T, = 350 °C = 623K; Tz = 1400°C = 1673K; 

m = 0.44 kg/hour; C, = 42000 kJ/kg 


We know, n = P= 4-2 =1-2 = 0.6276 
input T2 1673 
=> Output, P = 0.6276 x input 
3 
= 0.6276 X input = 0.6276 x CAs2000nt" 


3600 


. Output, P = 3.22 kJ/s = 3.22 kWs 

So, the claim is not correct. (Answer) 

3. (a) Differentiate between boiler mountings and accessories. Mention 3 boiler 6 
mountings & accessories that are generally used. Also mention their functions. 
Answer: 


It amplifies the safety of a boiler It amplifies the efficiency of a boiler 


Mountings are necessary for changeable Accessories are not necessary but their use 
the boiler. is enviable. 
Commonly they are mounted on boiler They are not located in the boiler shell. 
shell. 


Mountings are installed from simple Accessories are installed to amplify the 
working and control of a boiler. efficiency of a boiler 
It amplifies the safety of a boiler It amplifies the efficiency of a boiler 


Mountings are necessary for changeable Accessories are not necessary but their use |’ 
the boiler. is enviable. 


Rest part: see at “Fundamentals of Mechanical engineering vol.1, chapter-1” 


(b) What are differences between an Air Handling Unit (AHU) & a Fan Coil = 6 
Unit (FCU) used in an air conditioning system? 
Answer: 


Air Handling Unit (AHU) Fan Coil Unit (FCU) 
AHU is a bigger system. ' | FCU smaller system than AHU. 
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AUH has section for reheating and FCU does not have reheating and 
humidifying. humidifying. 

AUH has less noise. 
(c) With the help of net distinguish between a split type air conditioner & a 8 
window type air conditioner. 

Answer: 


* 
3 


t ' 
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Fig: Split type AC 
t 
Expansion Device 
‘. 
Evaporator 
* Cold air 
€ ondenser ‘ } i Compressor | Airy 
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Fig: Window type AC 
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Window Air Conditioner Split Air Conditioner 


Heat exchangers, compressors, motors and_ |It consists of 2 units — Indoor Unit & 
connecting pipes are placed on the same Outdoor unit 
base 


Occupies more space than split AC 
Installation is eas Installation is not as easy as Window AC 
Multiple cooling units is not possible Multiple cooling unit is possible. 


Cheaper than the split AC for the same Costlier than Window AC for the same 
tonnage tonnage 


More noise (AIR) than Split AC Less noise compared to Window AC 
Difficult for service 
Max. capacity is 2.0Ton Capacity not restricted to 2.0Ton 


4. (a) What is meant by the term ‘one-dimensional’ when applied to conduction 
problems? Derive an overall heat transfer equation for a composite wall 7 
consisting of two layer’s. 

Meaning of ‘one dimensional’ when applied to conduction: 

The term "one dimensional" refers to the fact that only one coordinate is needed to 
describe the spatial variation of the dependent variables. Hence, in a one-dimensional 
system, temperature gradients exist along a single coordinate direction, and heat transfer 
occurs exclusively in that direction. 

Derivation of overall heat transfer equation: 


Fluid A 


Ta 
Ty 


Th Fluid B 


Let, 
Fluid at the left of composite wall A 
Fluid at the right of composite wall B 
Temperature at the left side wall T, 
Temperature where the two layer met T2 
Temperature at the right side wall T3 ij 
1. Convection between fluid A and wall surface 1 
q = hy A(T, — Ty) 

ROLY tak 

oa 1 


nA 
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1 


R Asya 

h,A 
2. Conduction between wall surface 1 and 2 

= Ti~T2 
q=K,A ax, 
Ti-T2 
Ax 
KyA 
Ax 


4. Convection between wall surface 3 and fluid B 
q = h2 A(T; — Tp) 


_ T3-TB 
a 
h2A 
_ 1 
BT hA 
Ra Rea; Ratt, Ra 
Tx, Add ir 
Ta-T 
Overall q = + 
verall 
Ta—Ts 


ESTO 
hyA KiA K2A h2A 
Overall q = AG 
hy Ky ‘K2 hg 
(b) Describe the Brayton cycle for a gas turbine with inter cooling, reheating 8 
Refrigeration and draw schematic diagram. 
Answer: see at Fundamental of Mechanical Engineering vol. 1, chapter-5. 
(c) Draw the radiation circuit diagram for a radiation shield placed between two 5 


plates. 
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5. (a), What is meant by pressure at a point? Prove that pressure is same in all 7 
Direction at a point in a static liquid. 
Pressure at a point means force acting on that point at per unit area. 


A 


Px 


C 
P, 

Let, 

P,= Intensity of horizontal pressure on the element of the liquid 

P,= Intensity of vertical pressure on the element of the liquid 

P.= Intensity of pressure on the diagonal of the triangular element of the liquid 
6= Angle of the triangular element of liquid 

Now pressure on vertical side AC of the liquid 


P, = px x AC 
Similarly, 

Py = py x BC 
P, = pz xX AB 


Since the element of the liquid is at rest, therefore sum of horizontal and vertical 
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components of the liquid pressures must be equal zero. 
Resolving the forces horizontally, 
P, sin 8 = P, ° 
= pz. AB. sin @ = px. AC 
=>pz.AC=px.AC [AC = ABsin9] 
=> pz = px 
Now resolving the forces vertically, 
P,cos@ = P, -W 
= P, cos 8 = P, [since we consider a small triangular element] 
=> pz. AB.cos 8 = py. BC 
=> pz. BC = py. BC [ABcos 6 = BC] 
= pz = py 
From the above equations it can be said that 
px = py = pz 
Thus the intensity of pressure at any point in a fluid at rest is same in all directions 
[Proved] 
(b) What are the relative advantages using a venturi meter to measure flow 5 
compared with using an orifice meter? 
Advantages of venturi meter: 
e Less chance of getting stuck with sediment. 
e The discharge coefficient is high. 
e Its behaviour can be predicted perfectly. 
e Itcan be installed vertically, horizontally, inclined. 
e They are more precise and can be used for a wide range of flows. 
e About 90% of the pressure drop can be recovered. 
Disadvantages of orifice meter: 
e Requires homogeneous fluid. 
e Requires single phase liquid 
e It requires the flow of axial velocity vectors. 
e It causes a pressure drop in the fluid. 
Its accuracy is affected by the density, pressure and viscosity of the fluid. 
(c) A centrifugal pump delivers 30 liters of water per sec to height of 18m 8 
through a pipe of 90m long and of 100m diameter. If the overall efficiency of the 
pump is 75% find power required to drive the pump. Take f=0.012 
Solution: Given, Q=30 liter/sec=30 x 1073m?/s; H=18m; 1=90m; D=100mm; 
n = 0.75; f= 0.012. 
_ 30x1073 


Now, Q=AxV = V= i= 30> = 3.82 x 10 6 
_ flv? 4.x 0.012 x 90 x (3.82 x 1078)? 
erga = 2 x 9.81 x 100 

Pout = yQ(H + hr) 


= 3.21 x 107*4 
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= 1000 x 9.81 x 30 x 1073(18 + 3.21 x 10714) 
= 5.29KW 


Power required to drive the pump 
= a = 7.05KW (Answer) 
6.(a2) What do you mean by “principle stresses”? “Principle stresses occurs on 6 
the planes of zero shearing stresses” prove it. 

Principal stress: The normal stresses, acting on a principal plane are known as principal 


stresses. 


Figure: 1 Figure: 2 


Figure 1 shows a rectangular member of uniform cross-sectional area A and of unit 
thickness. 
Let, P= Axial force acting on the member 
A= Cross-sectional area, which is perpendicular to the line of axis of the force P. 
The stress along x-axis, 6 = : 
Hence, the member is subjected to a stress along x-axis 
Consider a cross-section EF which perpendicular to the line of action of the force P. 
Then, area of section EF = EFX1=A 
The stress on the section EF is given by 


e 


P 

o=- 
A 

The stress on the section EF is entirely normal stress. There is no shear (tangential) stress 

on the section EF. So the section EF is principal plane. 

Now consider a section FG at an angle 8 with the normal cross-section EF as shown in 

figure 2. 

Area 0 section FG = FG x 1 ( member is having unit thickness) 


cos8 
-. Stress on the section, FG 
P 


—A_ 
cos 6 


=ocos8 
This stress may be resolved in two components, one is normal components and another is 
tangential (shear) components. 
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The normal stress and shear stress on the section FG are obtained as given below; 
Let, P,, = force normal to section FG= pcos 8 
P, =Tangential force= p sin 6 
0, = Normal stress 
0, =Shear (tangential) stress 


cos@ 
Normal stress 6,, = == = o(cos 6)? 


cos@é 
Tangential or shear stress o; = aaa = osin8cos8 = =sin 28 
cos 6 
Now, if 8 = 0 then FG plane coincide with EF plane and shear stress becomes Zero. So 


the plane becomes principal plane. So the plane has principal stress only. 

So the principal stresses occurs on the plane of Zero shearing stresses. (Proved) 

(b) Determine the maximum deflection in a simply supported beam of length] 7 
carrying a uniformly distributed load of wl unit weight applied over its entire 
length. 


ns, anes 
The above figure shows the simply supported beam of length | carrying UDL w per unit 
length . The reaction at A and B will be equal and maximum deflection will be at the 
centre . 
Reaction at A and B, Ra = Rg = = 
Consider a section X at a distance x from A. The bending moment at this section is given 
by 


My = Rax —wXxx2= Sy 
But B.M at any section 
d2 “ 

M = EI a now equating the two value 

OEY lc WR 

dx? 2 2 
Integrating the above Equation; 

dy wi. x? w. x3 ‘ ; : : 
EI- ag aks + C, where C, is the constant of integration. ... ... ... (i) 


Integrating the above equation again 
wl x? w_ xt a 
Ely =X >- EX Ttaxt+c ab es biel es (ii) 
Where C, is another constant of integration 
Applying boundary conditions: 
(i) atx =0,y=0 (ii) atx =lLy=0 
Substituting the first boundary conditions in equation (ii), we get 
Cy =0 
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Substituting the second boundary conditions in equation (ii), we get 
wi FP w it 


0= x--—*x 
4 36a 
wl wi _ whe 
Sor oe = 24 


d wl _ x? 30 hw sae 
EIS= Sx fy (iii) 


And 
=i _wl_ x? ow x" wh re 
ay Was age aaa 24 )* 
wix? so wx* so wi3x Z 
Bly ia ga ae aeeeweey eae (iv) 


The equation (iv) is known as deflection equation. 
; ' 1 on 
For maximum deflection, x = 7 80 the equation (iv) becomes 


“Ay a w(4) 

Ymax ~79\2) ~ 24\2) ~ 24 \2 
_ Swl* 
Ymax ~ ~ 1384 


Negative sign indicates downward deflection 


So the downward deflection is; 


swi? 
Ymax==——- [wl = W = total load] 


(c) If an element is subjected to the state of stress shown on figure, find the 7 
principal stresses. Also find the stress component o plane at 30° counter 
clockwise from the X face. 


Solution: 
Principal stress: 


oy + ESA) + Go) | 


_ 4000+(-8000) | [ (eso 2 


+ (6000)2| 


= 2 2 
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= 6485psi (Answer) 

And 
yt. Ox—Oy\* 4 
0 = A ICS) + Cw)"| 
‘ nae Z 

= a 8000) _ \eceeenn + (6000)?| 

= —10485 psi (Answer) 
Stress Pa Peg 

= OxtOy , x Oy 09 — Tyy sin 26 


= ——e + 4000- < 8000) cos 60° — (—6000) sin 60° 


= 6196psi (Answer) 


t= “xy sin 20 +Txy cos 20 

= 40007 (75000) sin 60° +(—6000) cos 60° 
= 2196psi (Answer) 
7. (a) Differentiate between static and dynamic balancing of a shaft and then 6 
show that, for static balancing center of mass of all the revolving masses must 
lies on the axis of the rotation of the shaft. 
A rotating mass is said to be statically | A rotating mass is said to be dynamically 
balanced, if the rotating mass can rest | balanced, when it does not vibrate in its 
without turning, at any angular position in | running state. To make a rotating mass 
its bearing. This condition is attained when | dynamically balanced, it must first be 
the sum of the centrifugal forces on the | statically balanced. 
rotating mass due to unbalanced masses is 
zero in any radial direction. 
(b) For the unbalanced system shown in figure, find the frequency of vibration, 6 
where m=20 Tones and K=2.8x10° N/m. 


Solution: 


Given; Total m = 3 x 20T = 60T = 60000 kg 
2.8X10° x2.8x10° 
(2.810) + (2.8x10%) 


We know, Frequency f = AJR at [#000 _ 9 769H2 (Answer) 
2m 2n J 60000 


Equivalent spring constant k = = 1400000 N/m 


m 
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(c) A compound of train consists of six gears. The number of teeth on each gear 8 
are as foliows: 

Gear >A B C D E F 
No. of teeth: 60 46 S50 25 30 24 
The gears B & C are on one shaft while the gears D & E are on the another 
shaft. The gear A drives B, gear c drives D, gear E drives F. If the gear A 
transmits 1.4kW at 100 rpm and the gear train has an efficiency Of 80% find the 
torque on gear F, 


Solution: 

Given; 

N, = 100rpm 

Ta = 60 

Tp = 40 

Tc = 50 

Tp = 25 

TE = 30 

Tr = 24 

Efficiency= 80% = 0.8 
We know; 

Na Nc Ne Tg Tp _ Tr 


eee —— — 


= x 
Ng Np Ne Ta Te TE 
Na 40x25 x 24 


Np 60x 50x 30 
Na 4 

Ne 15 

e Neg — Ms 
Efficiency= oa = Pout = Py = 8X 14 = 1.12kw = 1120w 
We know; 


= 375rpm 


“ T = 28.52 Nm (Answer) 


8. (a) A diesel engine has a compression ratio of 20 and cut-off takes place at 7 
5% of the stroke. Find the air standard efficiency. Assume 5 =1.4 
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Solution: 


Fuel injectior: 
and combustion 
Q, 


Pressure, ? 


Ve Vg 7 
Volurna. V 
Air standard diese! engine cycle 


Compression ratio = < = 20 
2 
=> Vi = 20 V2 
Cut off ratio, p = 2 
2 

Swept volume, V, = V, ~ V2 
Cut off volume, V3—V, = 0.05 x V, 

=0.05 x (V; = V2) 

= 0.05 x (20V, - V2) 


= 0.95 Vz 

So, V3 = 1.95 Vz 

Now, cut off ratio, p = V3 — a =1.95 
V2 2 ‘ 

Air standard diesel cycle efficiency, 

=1 1 ,pY-1 
aes ea (=a)! 

ete 1.951-4-1 


ae pam nay 4(1.95— >! 

= 0.65 =65% (Answer) 
(b) What are catalytic converter? How are they helpful in vedlucline HC,CO 5 
and NO, emissions in engines? 
Answer: 
Catalytic converters (CAT) are designed to turn harmful constituents of exhaust emitted 
by internal combustion engines into harmless gases by means of a chemical reaction. A 
catalytic converter is therefore an important part of modern emission purification systems 
for SI and diesel engines. 
Most modern cars are equipped with three-way catalytic converters. "Three-way" refers to 
the three regulated emissions it helps to reduce -- carbon monoxide, HC and NO, 
molecules. The converter uses two different types of catalysts, a reduction catalyst and an 
oxidation catalyst. Both types consist of a ceramic structure coated with a metal catalyst, 
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usually platinum, rhodium and/or palladium. The idea is to create a structure that exposes 
the maximum surface area of catalyst to the exhaust stream, while also minimizing the 
amount of catalyst required (they are very expensive). 

There are two main types of structures used in catalytic converters -- honeycomb and 
ceramic beads. Most cars today use a honeycomb structure. 

The reduction catalyst is the first stage of the catalytic converter. It uses platinum and 
rhodium to help reduce the NO, emissions. When an NO or NO) molecule contacts the 
catalyst, the catalyst rips the nitrogen atom out of the molecule and holds on to it, freeing 
the oxygen in the form of O2. The nitrogen atoms bond with other nitrogen atoms that are 
also stuck to the catalyst, forming N2. For example: 2NO > N2 + O2 

The oxidation catalyst is the second stage of the catalytic converter. It reduces the 
unburned hydrocarbons and carbon monoxide by burning (oxidizing) them over a 
platinum and palladium catalyst. This catalyst aids the reaction of the CO and 
hydrocarbons with the remaining oxygen in the exhaust gas. 

For example: 2CO + O2 + 2CO, 


(c) What is meant by abnormal combustion in SI engines? Explain the 8 
phenomena of knocking in SI engine? Summarize the variables affecting 
knock in such engines? 

Answer: When the combustion gets deviated from the normal behavior resulting loss of 
performance or damage to the engine. It is happened when the charge inside the cylinder 
may be ignited before the flame front reaches it. 

Knocking: It’s a sudden combustion of the end gas ahead of the flame front due to 
increase in charge pressure and temperature higher than self-ignition conditions of the 
charge causing a pressure wave leading to a vibration of cylinder walls. 


Factors affecting Detonation or Knocking in SI engine: 


1. Compression ratio: The pressure and temperature at the end of compression increase 
with the increase in compression ratio. This in turn increases the maximum pressure 
during the combustion and creates a tendency to knock. 

2. Supercharging: It is the process of allowing the charge at a pressure higher than 
atmospheric pressure. Because of supercharging the density and temperature increase 
thereby knocking tendency increases. Super charging is generally done on CI engines 

3. Increasing inlet temperature: It results in increase in knocking. 

4. Increase in load: Increase in load results in an increase in temperature of the cylinder, 
thereby raising the temperature and hence knocking tendency increasing at high loads. 

5. Advancing the spark: When the spark is advance the burning gas is compressed by 
rising piston and therefore the increase in temperature will be much more and hence the 
knocking tendency increases. To avoid detonation spark must be retarded. 

6. Flame travel distance: Flame travel distance should be small to avoid detonation. 

7. Spark plug location: spark plug which is located centrally has minimum tendency for 
knocking because the flame travel distance decreases. 
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8. Engine size: For larger engine size the flame travel distance will be longer and hence 
knocking chances are high, because of this reason SI engine sizes are generally limited 

9. Location of exhaust valve: There are two hot spot zones in SI engines. ie., spark plug 
& exhaust valve. If the exhaust valve is very far from the spark plug the temperature 
around the exhaust valve region will be high. If the spark plug is very far it will take much 
time and during this time the charge near the exhaust valve would autoignited due to high 
temperature and hence exhaust valve must be located as close to the spark plug as 
possible. So the flame travel distance is minimized. 

10. Turbulence: With the increase in turbulence the flame speed increases and hence the 
chances of detonation would decrease. 

11. Engine speed: Increase in engine speed increases turbulence as hence knocking 
tendency decreases. 

12. Octane rating of fuel: For better antiknock properties octane number must be high. 

9. (a) Briefly describe the working principle in hybrid vehicle. 7 
Answer: Hybrid electric vehicles are powered by an internal combustion engine and an 
electric motor, which uses energy stored in batteries. A hybrid electric vehicle cannot be 
plugged in to charge the battery. Instead, the battery is charged through regenerative 
braking and by the internal combustion engine. The extra power provided by the electric 
motor can potentially allow for a smaller engine. The battery can also power auxiliary 
loads and reduce engine idling when stopped. Together, these features result in better fuel 
economy without sacrificing performance. 

A hybrid vehicle works with the following components: 

Battery (auxiliary): In an electric drive vehicle, the auxiliary battery provides electricity 
to start the car before the traction battery is engaged and also powers vehicle accessories. 
DC/DC converter: This device converts higher-voltage DC power from the traction 
battery pack to the lower-voltage DC power needed to run vehicle accessories and 
recharge the auxiliary battery. 

Electric generator: Generates electricity from the rotating wheels while braking, 
transferring that energy back to the traction battery pack. Some vehicles use motor 
generators that perform both the drive and regeneration functions. 

Electric traction motor: Using power from the traction battery pack, this motor drives the 
vehicle's wheels. Some vehicles use motor generators that perform both the drive and 
regeneration functions. 

Exhaust system: The exhaust system channels the exhaust gases from the engine out 
through the tailpipe. A three-way catalyst is designed to reduce engine-out emissions 
within the exhaust system. 

Fuel filler: A nozzle from a fuel dispenser attaches to the receptacle on the vehicle to fill 
the tank. 

Fuel tank (gasoline): This tank stores gasoline on board the vehicle until it's needed by 
the engine. 

Internal combustion engine (spark-ignited): In this configuration, fuel is injected into 
either the intake manifold or the combustion chamber, where it is combined with air, and 
the air/fuel mixture is ignited by the spark from a spark plug. 
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Power electronics controller: This unit manages the flow of electrical energy delivered 
by the traction battery, controlling the speed of the electric traction motor and the torque it 
produces. 
Thermal system (cooling): This system maintains a proper operating temperature range 
of the engine, electric motor, power electronics, and other components. 
Traction battery pack: Stores electricity for use by the electric traction motor. 
Transmission: The transmission transfers mechanical power from the engine and/or 
electric traction motor to drive the wheels. 
(b) How does a telescope shock-absorber works in an automobile? Briefly 8 
describe with neat sketch. 
Answer: A telescopic shock absorber (damper) can be compressed and extended; the so 
called bump stroke and rebound stroke. Telescopic shock absorbers can be subdivided in: 
e Bi-tube, or twin-tube dampers, available in hydraulic and gas-hydraulic 
configuration. 
e Mono-tube dampers, also called high pressure gas shocks. 


Monotube Twin Tube 


high 
pressure 
gas 


oil 


Figure: Telescope shock-absorber 
Working of bi-tube shock absorber: 
Bump stroke: When the piston rod is pushed in, oil flows without resistance from below 
the piston through the orifices and the non-return valve to the enlarged volume above the 
piston. Simultaneously, a quantity of oil is displaced by the volume of the rod entering the . 
cylinder. This volume of oil is forced to flow through the bottom valve into the reservoir 
tube (filled with air (1 bar) or nitrogen gas (4-8 bar). The resistance, encountered by the 
oil on passing through the foot valve, generates the bump damping. 
Rebound stroke: When the piston rod is pulled out, the oil above the piston is 
pressurized and forced to flow through the piston. The resistance, encountered by the oil 
on passing through the piston, generates the rebound damping. Simultaneously, some oil 
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flows back, without resistance, from the reservoir tube through the foot valve to the lower 
part of the cylinder to compensate for the volume of the piston rod emerging from the 
cylinder. 
The main components are: 
Outer tube, also called reservoir tube 
Inner tube, also called cylinder 
Piston connected to a piston rod 
Bottom valve, also called foot valve 
Piston rod guide 

e Upper and lower attachment 
Working of mono-tube shock absorber: 
Bump stroke 
Unlike the bi-tube damper, the mono-tube shock has no reservoir tube. Still, a possibility 
is needed to store the oil that is displaced by the rod when entering the cylinder. This is 
achieved by making the oil capacity of the cylinder adaptable. Therefore the cylinder is 
not completely filled with oil; the lower part contains (nitrogen) gas under 20 4€* 30 bar. 
Gas and oil are separated by the floating piston (2) 
When the piston rod is pushed in, the floating piston is also forced down by the 
displacement of the piston rod, thus slightly increasing pressure in both gas and oil 
section. Also, the oil below the piston is forced to flow through the piston. The resistance 
encountered in this manner generates the bump damping. 
Rebound stroke 
When the piston rod is pulled out, the oil between piston and guide is forced to flow 
through the piston. The resistance encountered in this manner generates the rebound 
damping. At the same time, part of the piston rod will emerge from the cylinder and the 
free (floating) piston will move upwards. 
The main components are: 
(pressure) cylinder, also called working cylinder 
Piston connected to a piston rod 
Floating piston, also called separating piston 
Piston rod guide 
Upper and lower attachment 
(c) What are the functions of an oil ring used in engine cylinder? 5 
Answer: An oil ring is the piston ring located in the ring groove closest to the crankcase. 
The oil ring is used to wipe excess oil from the cylinder wall during piston movement. 
Excess oil is returned through ring openings to the oil reservoir in the engine block. 
An oil ring includes two thin rails or running surfaces. Holes or slots cut into the radial 
center of the ring allow the flow of excess oil back to the oil reservoir. Oil rings are 
commonly one piece, incorporating all of these features. Some on-piece oil rings utilize a 
spring expander to apply additional radial pressure to the piston ring. This increases the 
unit (measured amount of force and running surface size) pressure applied at the cylinder 
wall. 
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Figure: Oil ring 

The oil ring has the highest inherent pressure of the three rings on the piston. Some Briggs 
& Stratton engines use a tree-piece oil ring consisting of two rails and an expander. The 
oil rings are located on each side of the expander. The expander usually contains multiple 
slots or windows to return oil to the piston ring groove. The oil ring uses inherent piston 
ring pressure, expander pressure, and the high unit pressure provided by the small running 
surface of the thin rails. 
Oil ring performs multiple functions: 

e Wipes the oil from the cylinder walls as the piston moves down 

e Separates the combustion chamber and oil chamber and prevents the leakage of 

pressure in combustion chamber 

10. (a) Describe the stress strain curve of a ductile material and identify of all 7 
the important parameters. 
If a ductile bar of uniform cross-sectional area is subjected to gradually increasing axial 
tensile force (generally is done in Universal Testing Machine) till failure of the bar 
occurs, when the stress-strain curve plots the curve may be divided into following parts: 


Plastic Region E 


Ultimate Stress 
or Fracture point 


Yield Point 
Stress 


Elastic Region 


@) Strain. ————> 


Stess-Strain Curve for Ductile Materials 
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Portion OA: This portion is absolutely straight, where the stress is proportional to strain 
and the material obeys Hooke’s law (o =E €). The value of stress at point A is called 
proportional limit. 
Portion AB: In this portion, Hook’s law is not obeyed, although the material may still be 
elastic. The point B indicates the elastic limit. 
Portion BC: In this portion, the metal shows a strain even without increase in stress and 
the strain is not fully return when load is removed. 
Portion CD: Yielding start in this portion and there is a drop of stress at the point D 
directly after yielding begins at C. The point D is termed as lower yield point and C is 
called upper yield point. 
Portion DE: After yielding has taken place at D, further straining takes place at this 
portion by increasing the stress and the stress—strain curve continues to rise up to the point 
E. Strain in this portion is about 100 times that of portion O-A. At the point E, the bar 
begins to form a local neck. The point E is termed as ultimate tensile stress point. 
Portion EF: In this portion, the load is falling off from the maximum and fracture at F 
takes place. The point F is termed as fracture or breaking point and the identical stress is 
called breaking stress. 
(b) Find the horsepower transmitted by a belt running over a pulley of 60 cm = 7 
diameter at 200 rpm. The coefficient of friction between the pulley and belt is 
0.25 angle of lap 160° and maximum tension in the belt is 250 kg. 
Solution: Pulley diameter = 60 cm = 0.60 m, Speed, N = 200 rpm, 

TwXdXN _ 1x0,60X200 
V= 277 le ee = 6.283 m/s 
Coefficient of friction between the pulley and belt, p = 0.25 
Angle of lap,@ = 160° = ~* radian = 2.79 radian 
Max tension, T; = 250 kg = "250 X 9.8N = 2450N 
We know, 7 = eh 


2450 
= = Q0.25x2.79 


2 
= T, = 1219.68 N 
“ P = (T, — Tz) X v = 7730.10 W = (7730.10/746) HP = 10.36 HP (Answer) 
(c) Write short notes on addendum and dedendum and module for a spur gear. 6 
Answer: Addendum: The addendum is the height by which a tooth of a gear projects 
beyond (outside for external, or inside for internal) the standard pitch circle or pitch line; 
also, the radial distance between the pitch diameter and the outside diameter. 
Dedendum: It is the distance between the dedendum circle and pitch circle of a gear 
wheel or rack. 
Module: "Module" is the unit of size that indicates how big or small a gear is. It is the 
ratio of the reference diameter of the gear divided by the number of teeth. 
11.(a) Briefly describe the working principle of an electro discharge machine 7 
(EDM). 


Answer: Electro discharge machining is a process in which electrical energy is used to 
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generate the Spark between the tool and workpiece submerged under the dielectric 
medium so that material removal takes place from the surface of the work piece by local 
melting or vaporization. 

Working Principle: 

Electrical discharge machining process works on the basic principle of spark generation 
and metal removed by spark erosion. EDM spark erosion is same as electric spark which 
burn a small hole in a piece of metal through witch it contacts. The spark generated by 
this process produces heat, which remove metal by erosion and evaporation. In this 


machining process both the work piece and tool must be made by conductive material. 
Ffolter 
tool metal 


fluid molecules QOOn 14 O 
OM} 


Discharge OXON im) in I 
96 ry 


column or ; oO 
KSEE 


ionised column 
Molten 


Work piece 
Work Metal a ) 


(b) What are the basic difference between ‘hot working’ and ‘cold wornug’ of 6 
metal ? 


processing? 
It is done at a temperature below the | Hot working is done at a temperature 
It is done below recrystallization | Hardening due to plastic deformation is 


temperature so it is accomplished by | completely eliminated. 
strain hardening. 


Crystallization does not take place Crystallization takes place 


Material is not uniform after this | Material is uniform thought 
working 
There is more risk of cracks There is less risk of cracks 


Cold working increases ultimate tensile | In hot working, ultimate tensile 
strength, yield point hardness andj} strength, yield point, corrosion 
fatigue strength but decreases | resistance are unaffected 

resistance to corrosion. 


Internal and residual stresses are 
produced produced 

Cold working required more energy for 
plastic deformation deformation because at _ higher 


Tool {cathode} 
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temperature metal become more 
ductile and soft. 


It does not require pickling because no | Heavy oxidation occurs during hot 


oxidation of metal takes place working so pickling is required to 
remove oxide. 
(c) Explain the TIG and MIG welding processes giving application of each. 7 
TIG Welding: 


In Tungsten inert gas(TIG) welding the heat is produced from an arc between the non- 
consumable tungsten electrode and work piece. The welding zone is shielded by an 
atmosphere of inert gas supplied from a suitable source. The direct current with straight 
polarity is used for welding copper alloys and stainless steel, whereas the reversed 
polarity is used for magnesiam.The altering current is more versatile in welding for steel, 
cast iron, alluminium and magnesium. 
Applications: 

e Aerospace and aircraft construction 

e Automotive industry 

e Auto body repairs 


MIG Welding: 
MIG or metal inert gas welding is a welding method that uses an electric arc to create 
welds. However, MIG uses a continuous solid wire electrode, which is heated and fed into 
the weld pool from a welding gun. The two base materials are melted together, forming a 
join. In MIG welding, the melted electrode facilitates the joining of the two metals. 
Hence, MIG is ideal for joining dissimilar metals. Shielding gas is also supplied through 
the weld gun to ensure that the weld pool does not interact with the air, oxidizing the weld 
area. 
Applications: 

e Used for most types of sheet metal welding 

e Fabrication of pressure vessels and steel structures 

e Automotive industry and home improvement industry. 


12.(a) State the central limit theorem. Describe the properties of a good 7 
estimator? 

Central limit theorem: In Probability, the central limit theorem state that the 
distribution of sample approximate a normal! distribution (also known as bell curve) as the 
sample size becomes larger, assuming that all samples are identical in size, and regardless 
of the population distribution shape. 

Properties of good estimator: There are four desirable properties every good estimator 
should possess; 

1. Unbiasedness: An Estimator is said to be unbiased if its expected value is identical 
with the population parameter being estimated. That is if @ is an unbiased estimate of 6, 
then we must have E(@) = @. Many estimators are asymptotically unbiased in the sense 
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that the biases reduce to practically insignificant value when n becomes sufficiently large. 
It should be noted that bias estimation is not necessarily undesirable. It may turn out to be 
an asset in some situations. 

Consistency: If an estimator, say 8, approaches the parameter 6 closer and closer as the 
sample size n increases, 0 is said to be consistent estimator of 6. Stating somewhat more 
rigorously, the estimator @ is said to be consistent estimator of 6 if as, n approaches 
infinity, the probability approaches 1 that @ will differ from the parameter 6 by no more 
than an arbitrary constant. 

Efficiency: The concept of efficiency refers to the sampling variability of an estimator. If 
two competing estimators are both unbiased, the one with the smaller variance (for a 
given sample size) is said to be relatively more efficient. 

Sufficiency: An estimator is said to be sufficient, if it conveys much information as is 
possible about the parameter which is contained in the sample. The significance of 
sufficiency lies in the fact that if a sufficient estimator exists, it is unnecessarily 
considered to any other estimator. 


(b) What is work sampling? Explain the underlying principle on which it is 7 
based. Differentiate it from time study. . . 
Work sampling: Work Sampling (also sometimes called ratio delay study) is a technique 
of getting facts about utilization of machines or human beings through a large number of 
instantaneous observations taken at random time intervals. The ratio of observations of a 
given activity to the total observations approximates the percentage of time that the 
process is in that state of activity. For example, if 500 instantaneous observations taken at 
random intervals over a few weeks show that a lathe operator was doing productive work 
in 365 observations and in the remaining 135 observations he was found ‘idle’ for 
miscellaneous reasons, then it can be reliably taken that the operator remains idle 
(135/500) x 100 = 27 % Of the time. Obviously, the accuracy of the result depends on the 
number of observations. However, in most applications there is usually a limit beyond 
which greater accuracy of data is not economically worthwhile. 

Principle/Theory of Work sampling: 

It states that the percentage of observations recorded on an operation/process in any state 
is a reliable estimate of the percentage time the operation/process is in that state, 
provided, “sufficient number of observations is taken at random’’. 


It may be noted that here, particular stress should be paid on the words “random” and 
“sufficient number of observations”. In this technique, some error may occur but the 
magnitude of error tends to decrease as the number of samples increases. 

Work sampling is a sampling method and depends upon the laws of probability. A sample 
taken at random from a large population provides a good estimate of the distribution of 
the population. 
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Work sampling is the statistical technique | It is a technique which is originated by 
used for determining the proportion of Tayllor, was used mainly for determining 
time spent by workers in the time standards or determining the 
various defined categories standards time to perform a specific work. 
of activity (setting up a machine, 
assembling two parts, idle...etc.). 
Cheaper. 

Observer doesn’t require much training. 
Statistical approach is difficult to Statistical approach is easy to understand 
understand by workers. by worker. 

The work sampling may be interrupted at | The time study may not be interrupted at 
any time without affecting the result. any time without affecting the result. 
(c) What is control firm? What factors does a firm take into consideration when 6 
determining the operations to be controlled by control charts for variables? 

The control charts for sample averages and ranges are called “control charts for 
variables." This is because they provide the firm with a method for controlling the value 
of a variable characteristic of a product. Once the charts have been constructed, they are 
used to control the quality of the output in the manner outlined earlier. Periodic samples 
would be taken, and the average and range of each sample would be plotted on the 
respective charts. Samples would have to be of uniform size if we want to maintain — 
constant control limits, since the position of the limits is affected by the sample size. The 
individual sample averages and ranges would be plotted in the order in which the 
corresponding samples are drawn by using the central line as a time axis. This permits the 
analyst to approximate the time at which an out-of-control condition arose, and this may 
be useful in determining the cause of the variation. 


Costlier than work sampling. 
Observer requires much training. 
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1.Write short notes with necessary sketch (Any Four) 4x5 
(a) Flow Measuring Instrument =20 
(b) Vapor Compression Refrigeration System 
(c) Shear Force and Bending Moment Diagram of cantilever beam with 
gradually varying load 
(d) Submersible Pump 
(e) Heat Pump 
(f) Induced Draft 
Answer: 
(a) Flow measuring instruments are (from “Fundamental of ME”;(3-7)) 
(b) from “Fundamentals of Mechanical Engineering Vol.1, Chap.-6.” 
(c) ) from “Fundamentals of Mechanical Engineering Vol.1, Chap.-7.” 
(d) 38" BCS (5-b) 
(e) 38" BCS (5-c) 
(f) 38 BCS (5-d) 
2. (a) What is fixed Beam? 2 
Fixed beam: A beam whose both ends are fixed, is known as fixed beam. 
(b) Describe the followings: 3x3=9 
(i) Thermal Stress : 
(ii) Hoop Stress 
(iii) Bearing Stress 
Thermal stress: When the external force applied on a body which leads to any sort of 
deformity is caused due to change in temperature, the resultant stress thus created can be 
termed as thermal stress. 
Example: A common example of thermal stress is gap maintained between the inner and 
outer ends of rail track. 
d; = LaAT 
Where, 
L is length in meter 
AT =Change in temperature °C 
a =Coefficient of thermal expansion /°C 
Hoop stress: The hoop stress, or tangential stress, is the stress around the circumference 
of the pipe due to a pressure gradient. The maximum hoop stress always occurs at the 
inner radius or the outer radius depending on the direction of the pressure gradient 
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Bearing stress: Bearing stress is a contact pressure between separate bodies. 

(c) Find the thickness of the metal necessary for a steel cylindrical shell 9 
of internal diameter of 15cm to withstand an internal pressure of 
500kg/cm’. The maximum hoop stress in the section is not to exceed 
1500kg/cm’. 

Solution: Given, 

Diameter of cylindrical shell, D = 15cm 

Internal pressure,p = 500kg/cm? 

Maximum hoop stress,o, = 1500kg/cm? 

To find the thickness of the metal, t 


We know, 
_ pd 
or Ot ‘5 
ey eas 
20¢ 
=> t = 200%) _ 2 Scm(Answer) 
21500 


3.(a) Define a Steam Boiler. 2 
Steam Boiler: A steam boiler is a closed vessel, generally made of steel, in which water 
is heated by some source of heat produced by combustion of fuel and ultimately to 
generate steam. 

(b) Name the “Boiler Accessories” which assist in increasing the 4 
thermal efficiency of the boiler. 

“Fundamentals of Mechanical Engineering Vol.1, Chap.-1.” 

(c) What are the advantages of “Water Tube Boiler” over “Fire Tube 5 
Boiler”? 

1, Steam can be raised more quickly: In water tube boilers, the ratio of water content to 
the steam capacity is comparatively less than the fire tube boiler. Hence water tube boiler 
can quickly generate steam at the required pressure than the fire tube boiler. 

2. Steam at higher pressures can be produced: The water tube boilers do not contain 
any tubes inside the boiler drum. Hence the water tube boilers can withstand high 
pressures for the same wall thickness and the thermal stresses. Therefore water tube 
boilers can develop higher pressures than the fire tube boilers. 

3. Higher rate of evaporation: In water tube boilers, water is contained in a large 
number of small diameter tubes; therefore the heating surface of a water tube boiler is 
more than that of the fire tube boiler. The relatively large heating surface of the water tube 
boiler increases the evaporation rate. The increased rate of evaporation of the water tube 
boiler makes it more suitable for large power plants. 

4, Sediment deposition is less: In water tube boilers, the circulation of water is more 
positive than that of the fire tube boilers; hence there is a less tendency of the deposits to 
settle on the heating surfaces. This positive circulation also helps the quick generation of 
steam than the fire tube boiler. 

5.Suitable for any type of fuel and method of firing: Since the water tube boilers are 
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externally fired, the size and proportions of the furnace can be altered to suit any type of 
fuel and the method of firing which is not possible in the case of fire tube boilers. 

6. More effective heat transfer: The heat transfer in the water tube boilers is more 
effective than the fire tube boilers since the hot gases flow at right angles to the water 
tubes. 

7. Failure of water tubes will not affect the working of boiler: Bursting of any of the 
water tubes does not pose any serious problems, whereas the bursting any of the fire tubes 
causes serious problems in fire tube boilers. 

8. Occupies less Space: For a given power, water tube boiler occupies less space than 
that of the fire tube boilers. 
9. Easy maintenance: All parts of the water tube boilers are easily accessible compared 
to, the fire tube boilers, for cleaning, repairing and inspection and hence maintenance is 
easy. 

10. Easy transportation: Water tube boilers can be easily dismantled, conveniently 
transported and erected quickly at the site than a fire tube boiler. 
(d) Mention the factors which are to be considered while selecting the 4 
“Boiler”? 
Answer: 
The selection of type and size of a steam boiler depends upon the following factors: 

The power required and working pressure. 

The rate at which the steam is to be generated. 

The geographical position of the power house. 
The fuel and water available. 
The type of fuel to be used 
The probable permanency of the station. 
The probable load factor. 
(e) Mention the methods of “Feed Water Treatment” in case of boiler. 5 
Answer: The methods employed generally may be summarized as follows: 

1. Sedimentation 
Filtration 

Lime-soda softening (cold process) 

Lime-soda softening (hot process) 
Zeolite softening 
De-concentration 
Degassing 
Evaporation 
Boiler compounds 
4. (a) Define “Fit”. 2 

Fit: Fit is defined as a degree of tightness or looseness between two mating parts to 
perform definite function when they are assembled together. The nature of fit is 
characterized by the presence and size of clearance and interference. 
(b) Describe three types of “Fit”. 6 

1. Clearance Fit: In this type of fit the shaft diameter is always less than the hole 


NAWARWNE 
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diameter. For any hole and shaft assembly, if the upper limit size of the shaft is less than 
the lower limit size of the hole then that type of fit is known as clearance fit. Shaft can 
freely slide or rotate in the hole. Force is not required for this fit. 

2. Transition Fit: If the maximum hole size is greater than smaller size of shaft or 
minimum hole size is lesser than maximum size of shaft, such type is called transition fit. 
This type of fit lies midway between clearance fit and interference fit and it may 
sometimes provide clearance fit and sometimes interference fit. For may or may not be 
required. 

3. Interference Fit: In this type of fit the minimum diameter of the shaft is always greater 
than the maximum diameter of the hole. There is no relative motion between shaft and 
hole. Force is required for this fit (either heating the hole or freeing the shaft). 

(c) What is meant by “hole basis” and “shaft basis” and which one is 6 
preferred and why? 

Hole basis: In hole basis system the hole is kept as the constant and the shaft upper and 
lower deviation values determine the type of fit. In hole basis system the Lower deviation 
of the hole will be zero. 

Shaft basis: In Shaft basis system the shaft is kept as the constant and hole upper and 
lower deviation values determine the type of fit. In shaft basis system the upper deviation 
of the shaft will be zero. 

Which one is preferred? 

Hole basis system is preferred over shaft basis system. 

Why? 

This is because the holes are usually produced and finished by standard tooling like drill, 
reamers, etc., whose size is not adjustable easily. On the other hand, the size of the shaft 
(which is to go into the hole) can be easily adjusted and is obtained by turning or grinding 
operations. 

(d) Mention different types of “Power Threads”. Discuss their relative 

advantages and disadvantages. 

Types of power Threads: 

1. Square Thread 

2. Trapezoidal Thread 

3. Buttress Thread 

Advantage of square thread: 

1) Efficiency of sq. threads is more than trapezoidal threads 

2) There is no side thrust or radial pressure. 

Disadvantages of square thread: 

1) Square threads are difficult to manufacture than trapezoidal threads. 

2) The wear of square threads cannot be compensated as it can be done in trapezoidal. 

3) The thread thickness at core is less than trapezoidal, hence square threads have less 
load carrying capacity. 

Advantages of Trapezoidal thread: 

1) Stronger than square threads 

2) Easy to manufacture 
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3) Wear compensation 

Disadvantages of Trapezoidal thread: 

1) Efficiency less than square thread. 

2) There is a side thrust. 

Advantages of Buttress Thread: 

1) Can bear very heavy load in one direction 

2) Increased clamping speed 

3) Lower number of threads per axial distance 

4) High thread strength in one direction 

5) Greatest thread shear capacity. 

Disadvantages of Buttress Thread: 

1) Only designed to be loaded in one direction. 

5. (a) Define: Thermal Conductivity and Thermal Diffusivity. What are 8 

the significance of their numbers? 

Thermal conductivity: Thermal conductivity of a material is numerically equal to the 
quantity of heat which flows in one second through a slab of the material of unit area and 
unit thickness when its faces differ in temperature by 1K. 

Significance: Increased thermal conductivity allows for a faster rate of heat transfer in 
phase change material (PCM), reducing the time required for the PCM to undergo a 
complete charge or discharge. Thermal conductivity is the intrinsic property of a material 
that expresses its ability to conduct heat. 

Thermal Diffusivity: It is the Thermal conductivity divided by density and specific heat 
capacity at constant pressure. 

Significance: 

Thermal diffusivity gives a measure of how quickly the temperature will change when it 
is heated or cooled. Materials with a high thermal diffusivity will heat or cool quickly; 
conversely, substances with a low thermal diffusivity will heat or cool slowly. 


4 


(b) An exterior wall of a house may be approximated by a 4cm layer of 12 
common brick (k=0.17w/m.k) followed by a 3cm layer of gypsum 
plaster (k=0.48w/m.k). What thickness of loosely packed rock wool 
insulation (k=0.065 w/m.k) should be added to reduce the heat loss 
through the wall by 80%? 
Solution: Given; 
Brick layer x,» = 4cm = 0.04m and conductivity of brick k, = 0.17 w/mk 
Layer of Gypsum plaster xy = 3cm = 0.03m and conductivity k, = 0.48 w/mk 
Conductivity of rock wool insulation ky, = 0.065 w/mk and thickness xy, =? 
Let, the temperature difference between two sides of wall= T, — Tz 
Now for without rock wool insulation; 
Q=32-% = A(T, — T ) aoe-aas = 3.358A(T, — Tp) 

ra A or 0.17 0.48 
For with rock insulation; 
Heat transfer= (1 — 0.8)Q = 0.2Q 
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= 0.2 x 3.358A(T, — T, ) = A(T, — 


1 
"2008 0.05 | ay 
0.17 © 0.48 © 0.065 
“ Xw = 0.0774m = 7.74cm (Answer) 
6. (a) Put forward the mathematical form of steady flow equation. Show 9 
the application of it to the following engineering system: (i)Boiler 
(ii)Compressor (iii)Turbine 
Answer: 
Steady flow energy equation is Q + W = m(h2 — hy) 
(i) Boiler: Q = m(h, — h,); [Hence W = 0] 
(ii) Compressor: W = m(hz — h,); [Hence Q = 0] 
Here, hz > h; because work is done on the system; So, W is positive. 
(iii) Turbine: W = m(hz — h,); [Hence Q = 0] 
Here, hz < h, because turbine works on the surroundings; So, W is negative. 


(b) Why is “Reciprocating Pump” called a positive displacement pump? 6 

Explain the terms “Slip” and “Cavitation” with reference to 

reciprocating pumps. Also mention the condition of “negative slip”. 

Answer: 

The ‘positive displacement’ pumps are those pumps in which the liquid is sucked and 
then it is actually pushed or displaced due to the thrust exerted on it by a moving member, 
which results in lifting the liquid to the required height. These pumps usually have one or 
more chambers which are alternately filled with the liquid to be pumped and then emptied 
again. As such the discharge of liquid pumped by these pumps almost wholly depends on 
the speed of the pump. The most common example of the positive displacement type of 
pumps is that of reciprocating pumps. 
Slip: + Cavitation+ Negative slips: “Fundamentals of Mechanical Engineering Vol.1, 
Chap.-3.” 


(c) What are the relative advantages if using a “venture meter” to 5 
measure flow compared with using an orifice meter? 
Answer: Advantages of venturi meter: 


> Less chance of getting stuck with sediment. 

The discharge coefficient is high. 

Its behavior can be predicted perfectly. 

It can be installed vertically, horizontally, inclined. 

They are more precise and can be used for a wide range of flows. 


VV VV WV 


About 90% of the pressure drop can be recovered. 
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Disadvantages of orifice meter: 

Requires homogeneous fluid. 

Requires single phase liquid 

It requires the flow of axial velocity vectors. 

It causes a pressure drop in the fluid. 

Its accuracy is affected by the density, pressure and viscosity of the fluid. 
The range of measurement of viscosity limits of fluids. 


It requires straight conduits to ensure accuracy is maintained. 


VV VV VV VV 


The pipe must be totally special for the measurement of the flow of liquids. 


a 


They have low range capacity. 


7. (a) Discuss your concept on theories of “Failure”. Give a brief 6 
concept on maximum stress theory and maximum shear theory. 
Various theories of failure have been proposed, their propose being to establish, from the 
behavior of a material subjected to simple tension or compression tests, the point at which 
failure will occur under any type of combined loading. By failure it is meant either 
yielding or actual rupture whichever occurs first. 
Practically yielding begins at the yield strength at which plastic deformation becomes 
significant. When several components of stress occur, yielding depends on some 
combination of these components. Various theories of failure are: 

e The maximum stress theory 

e The maximum strain theory 

e The maximum shear theory 

e The Mises yield theory 
Maximum stress theory: The maximum stress theory proposed by Rankine is the oldest 
as well as the simplest of all the theories. It is based on the assumption that failure occurs 
when the maximum principal stress on an element reaches a limiting value, the limit 
being the yield point in a simple tension test. The theory disregards the effect of possible 
other principal stresses and the shearing stresses on other planes through the element. 
Maximum shear theory: Sometimes called Guest’s theory, the maximum shear theory 
assumes that yielding begins when the maximum shearing stress equals the maximum 
shearing stress developed at yielding in simple tension. Since the maximum shearing 
stress is equal to one-half the difference between the principal stresses, the condition for 
yielding is 


Tw = 3 (max = Omin) = 3 Oye 
(b) Why is flywheel used in IC Engine? Explain the turning moment 7 


diagram of a four stroke cycle IC Engine. 
Answer: Flywheel controls the speed variation caused by the fluctuation of the engine 
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turning moment during each cycle of operation. 

Flywheel acts like an energy reservoir. It stores energy when supplied energy is higher 
than required energy. On the other hand it releases the stored energy when supplied 
energy is less than required energy. As a result the crankshaft rotates at a uniform speed. 
The flywheel does not maintain a constant speed. It just reduces the fluctuation of speed. 
It also prevents jerk of crankshaft. 

Turning moment diagram of four stroke cycle IC Engine: 

A turning moment diagram of four stroke cycle internal combustion engine is shown in 
the following figure. 
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In a four stroke cycle internal combustion engine there is one working stroke after the 
crank has turned through two revolutions. Since the pressure inside the engine cylinder is 
less than the atmospheric pressure during the suction stroke, therefore a negative loop is: 
formed. During the compression stroke the work is done on the gases, therefore a higher 
negative loop is obtained. During the expansion stroke the fuel burns and the gases 
expand, therefore a large positive loop is obtained. In this stroke the work is done by the 
gases. During exhaust stroke the work is done on the gases, therefore a negative loop is 
formed. 


(c) What should be properties of an ideal refrigerant? 7 


Properties of ideal refrigerant is given below: 
e Low freezing point 

Low condensing pressure 

High critical pressure 

High vapor density 

High dielectric strength 

High latent heat of vaporization 
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High heat transfer coefficient 
Non-toxic 
Non-reactive 
Non-flammable 
e Low water solubility. 
8. Describe briefly (Any Five) 4x5=20 
(a) Acceptance sampling 
(b) Cetane Number 
(c) Spindle 
(d) Die Casting 
(e) Motivation 
(f) Sensing Elements 
(g) MIG Welding 
(h) Damped Vibration 
a) Acceptance Sampling: Acceptance sampling is a statistical measure used in quality 
control. It allows a company to determine the quality of a batch of products by selecting a 
specified number for testing. The quality of this designated sample will be viewed as the 
quality level for the entire group of products. 
A company cannot test every one of its products. There may simply be too high a volume 
or number of them to inspect at a reasonable cost or within a reasonable time frame. Or 
effective testing might result in the destruction of the product or making it unfit for sale in 
some way. Acceptance sampling solves these problems by testing a representative sample 
of the product for defects. The process involves first, determining the size of a product lot 
to be tested, then the number of products to be sampled, and finally the number of defects 
acceptable within the sample batch. Products are chosen at random for sampling. 
b) Cetane Number: Cetane number of a fuel is defined as the percentage by volume of 
normal cetane(C;sH34) in a mixture of normal cetane and a methyl naphthalene(C,;Hyjo) 
which have the same ignition characteristics(ignition delay) as the test fuel when 
combustion is carried out in a standard engine under specified operating condition. 
Characteristics: 
e Cetane number denotes how fast the fuel will auto ignite. 
e The higher the cetane number the lower the tendency of knocking 
e Cetane number of diesel 40-60. 
c) Spindle: A spindle is a rotating shaft with a fixture for holding a tool (in the case of a 
milling, grinding, or drilling spindle) or a work piece (in the case of a turning spindle). 
The spindle shaft serves as a support, a positioner, and a rotary drive for the tool or work 
piece. The spindle shaft must take up any machining forces arising during cutting with the 
lowest possible deformation response, generate/transmit the cutting power provided by an 
internal or external drive for machining, and exhibit high positioning and running 
accuracy. In machine tools, various types of main spindles are used to satisfy different 
requirements. Turning and grinding spindles must achieve extremely high concentricity at 
a high stiffness and usually medium speeds, whereas milling and drilling spindles are 
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used at (in part) high speeds under changing operating conditions. 
d) Die Casting: Die casting is a manufacturing process for producing accurately 
dimensioned, sharply defined, smooth or textured-surface metal parts. It is accomplished 
by forcing molten metal under high pressure into reusable metal dies. The process is often 
described as the shortest distance between raw material and finished product. Die casting 
is one of the most economical and quickest forming processes. The advantages of this 
production process are that hundreds of thousands of castings can be produced relatively 
quickly by using just one mold. All components produced have a uniform quality and 
involve relatively low unit costs. 
e) Motivation: Motivation refers to the forces that simulate a person’s enthusiasm and 
persistence to pursue a certain course of action. Having knowledge of motivation is 
important. 

e It helps to understand what prompts people to initiate action. 

e It helps to understand what influence the choice of action of the people. 

e It helps to know why people persist in any action over time. 
f) Sensing Elements: A sensor is a device that detects and responds to some type of input 
from the physical environment. The specific input could be light, heat, motion, moisture, 
pressure, or any one of a great number of other environmental phenomena. The output is 
generally a signal that is converted to human-readable display at the sensor location or 
transmitted electronically over a network for reading or further processing. 
Example- Motion sensors in various systems including home security lights, automatic 
doors and bathroom fixtures typically send out some type of energy, such as microwaves, 
ultrasonic waves or light beams and detect when the flow of energy is interrupted by 
something entering its path. 
g) MIG Welding: In MIG welding the electrode is consumable. The filler metal is 
deposited by the arc which is completely surrounded by an inert gas. It is a process that 
utilizes a continuously fed solid electrode, shielding gas from an externally supplied 
source, and electrical power to melt the electrode and deposit this molten material in the 
weld joint. The equipment used automatically regulates the electrical characteristics of the 
arc. The only manual controls required of the welder for semi-automatic operation are 
travel speed, travel direction and torch positioning. Given proper equipment settings, the 
power supply will provide the necessary amperage to melt the electrode at the rate 
required to maintain the pre-selected arc length 
h) Damped Vibration: When there is reduction in amplitude over every cycle of 
vibration, the motion is said to be damped vibration. This is due to the fact that a certain 
amount of energy possessed by the vibrating system is always dissipated in overcoming 
frictional resistance to the motion. 
9, (a) What are the functions of an “Idle Wheel” in a wheel train? 5 
Referring the following figure, the direction of two gears directly in contact will be 
opposite to each other. 
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Idler 


Driver 


Follower 


Fig.: Function of an Idle wheel 


If instead of direct gearing the driver D with the follower F, a wheel I is introduced 
between the driver D and follower F, the driver D will drive the wheel I, and I will drive 
F, the effect of I being to make the wheel F turn in the same direction as D instead of in 
the opposite direction if it is connected directly with D. The wheel I is called the “Idle 
wheel” as it has no effect on the velocity ratio. The function of an idle wheel is, therefore, 
to change the direction of rotation of the train. 

(b) Explain and illustrate “Positive Drive Power Transmission”. 5 
Positive drive power Transmission: A positive drive is one that can provide constant 
velocity ratio during operation. Such drives are free from slip, creep, polygonal effect, 
leakage, etc. A gear drive is one positive drive. On the other hand, friction drives (belt and 
rope drive) are affected by slip and creep. Although chain drive is free from slip, it may 
not provide constant velocity ratio because of polygonal effect. Thus these are non- 
positive drive. V-belt and ribbed belt tend to eliminate slip; however, they may not 
necessarily provide constant velocity ratio, especially when workroom temperature varies 
substantially. 


Synchronous belt on driving and driven sprockets 


(c) What is “Diametral Pitch”? 3 
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Diametral pitch: It is the ratio of number of teeth to the pitch circle diameter. 
(d) A pulley 40cm in diameter is driven at 600 rpm by a shaft revolving . 7 
at a 300 rpm. Calculate the diameter of the shaft pulley if: 
(1) There is slip of 4% and (2) there is no slip. 
Solution: Given, Speed of the driver N, = 300rpm 
Speed of the driven Nz = 600rpm 
Diameter of driven Dz = 40cm = 0.4m 
Diameter of driver D, =?? 
1) For slip s = 4% 


We know; 
N D Ss 
oe eee (1 es -—) 
N, Dp 100 
600 Dif, 4 
= 300 04 (1 saa) 
“Dy = =m (Answer) 
2) For no slip; 
We know; 
N, Dz 
600 _ Dy 
3000.4 


“. Dy = 0.8m (Answer) 


10. (a) What is work sampling? Explain the steps of work sampling. 6 

Work sampling: Work sampling is the statistical technique used for determining the 
proportion of time spent by workers in various defined categories of activity (e.g. setting 
up a machine, assembling two parts, idle...etc.). It is as important as all other statistical 
techniques because it permits quick analysis, recognition, and enhancement of job 
responsibilities, tasks, performance competencies, and organizational work flows. Other 
names used for it are ‘activity sampling’, ‘occurrence sampling’, and ‘ratio delay study’. 

In a work sampling study, a large number of observations are made of the workers over 
an extended period of time. For statistical accuracy, the observations must be taken at 
random times during the period of study, and the period must be representative of the 
types of activities performed by the subjects. 

One important usage of the work sampling technique is the determination of the standard 
time for a manual manufacturing task. Similar techniques for calculating the standard 
time are time study, standard data, and predetermined motion time systems. 

There are several recommended steps when starting to prepare a work sampling study: 

e Define the manufacturing tasks for which the standard time is to be determined. 

e Define the task elements. These are the defined broken-down.steps of the task that 
will be observed during the study. Since a worker is going to be observed, 
additional categories will likely be included as well, such as "idle", "waiting for 
work", and "absent". 
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e Design the study. This includes designing the forms that will be used to record the 
observations, determining how many observations will be required, deciding on 
the number of days or shifts to be included in the study, scheduling the 
observations, and finally determining the number of observers needed. 

Identify the observers who will do the sampling. 

e Start the study. All those who are affected by the study should be informed about 
it. 

e Make random visits to the plant and collect the observations. 

e After completing the study, analyze and present the results. This is done by 
preparing a report that summarizes and analyzes all data and making 
recommendations when required. 


(b) Draw the symbols, their name and description for process chart- 7 
product analysis and process chart-man analysis. 


Process chart-product analysis: 


* Operation 
Physical change to Products 
Value Added 


« Transportation 
Object is moved 
Non Value Added 


* Inspection 
Inspect/Test 
Non Value Added 


* Delay 

Unplanned stop of work (Progress) 
Non Value Added 

+ Storage 

Held by design plan 

Non Value Added 


QgUOLO 
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Process chart-Man analysis: 


Man fipe 


Chart begin. : Man in iaspection dept. 
Chan ends : Manin inspection deptr. 


To goods receiving 

Locate component 

Pickout component 

To inspection dept. 

Set the component to beach 
Vivual inspection 

Measure and record Jengih 
Put inspection seal 


To stores 


Enter in stock 


Return to inspection depit. 


(c) Why “Control Chart” works? What type of conclusion can 7 
generally be drawn from “Control Charts”? 

Control charts are a very useful statistical quality control tool. These charts are used to 
evaluate whether a process operating is either under control or out of control. The control 
chart may be used for variables (such as weight, length, diameter, etc.) and attributes 
(defects and defectives). ‘ 


Data in a control chart are plotted in time order. A control chart always has a central line 
for the average, an upper line for the upper control limit, and a lower line for the lower 
control limit. These lines are determined from historical data. By comparing current data 
to these lines, we can draw conclusions about whether the process variation is consistent 
(in control) or is unpredictable (out of control, affected by special causes of variation). 
11.(a)The water behind “Kaptai Dam” is 30m higher than that of the 10 
discharge river. At what rate the water must pass through the 

hydraulic turbines of this dam to produce 250 MW of power if the, 

turbines are100% efficient. 


Solution: 
Turbine output power 
We know, n = — ee 
Hydraulic input power 
250x10° 
>100% = ———— 


YxQxH 
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25010 250x106 
~Q= = en  DeINTOnOxab = 849.47 m3/s = = 849473.32 L/s (Answer) 
(b) Air enters a nozzle steadily at 2.21kg/m* and 30m/s and leaves at 
0.762 kg/m? and 180m/s. If the inlet area of the nozzle is 80cm?, 10 
determine 
(i) The mass flow rate through the nozzle and 
(ii) The exit area of the nozzle 
Solution: 
Given, v; = 30 m/s; Aj = 80 cm? = 80 x 107*m?; v; = 2.21 kg/m? 
And ve = 180 m/s;v, = 0.762 kg/m? 
To determine mi, and A, 
We know, mi, = a = Snag x30 = 0.1086 kg/s (Answer) 
Now, AV; = AcVe 
>A, = AM = = Sonne 330 = = 13.33 cm? (Answer) 
12.(a) What is an organization? 2 
According to Oliver Sheldon, “Organization is the process so combining the work which 
individuals or groups have to perform with the facilities necessary for its execution, that 
the duties so performed provide the best channels for the efficient, systematic, positive 
and coordinated application of the available effort”. Organization helps in efficient 
utilization of resources by dividing the duties of various persons. 
According to Louis Allen, “Organization is the process of identifying and grouping work 
to be performed, defining and delegating responsibility and authority and establishing 
relationships for the purpose of enabling people to work most effectively together in 
accomplishing objectives.” In the words of Allen, organization is an instrument for 
achieving organizational goals. The work of each and every person is defined and 
authority and responsibility is fixed for accomplishing the same. 
(b) What are the types of organization? 3 
On the basis of administrative procedures, there are three basic types of organizations: 
e line organization, 
e line and staff organization, 
e and functional organization. 
There are some other classes of organizations such as project organization, matrix 
organization, etc. 
(c) Discuss the advantages and disadvantages of “line organization”? 10 
Advantages of Line Organization: 
1. Simplest: It is the most simple and oldest method of administration. 
2. Unity of Command: In these organizations, superior-subordinate relationship is 
maintained and scalar chain of command flows from top to bottom. 
3. Strong discipline: The control is unified and concentrates on one person and therefore, 
he can independently make decisions of his own. Unified control ensures better 
discipline. 
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4. Fixed responsibility: In this type of organization, every line executive has got fixed 
authority, power and fixed responsibility attached to every authority. 

5. Flexibility: There is a co-ordination between the top most authority and bottom line 
authority. Since the authority relationships are clear, line officials are independent and 
can flexibly take the decision. This flexibility gives satisfaction of line executives. 

6. Quick decision: Due to the factors of fixed responsibility and unity of command, the 
officials can take prompt decision. 

Disadvantages: 

1. Over-reliance: The line executive’s decisions are implemented to the bottom. This 
results in over-relying on the line officials. 

2. Lack of specialization: A line organization flows in a scalar chain from top to bottom 
and there is no scope for specialized functions. For example, expert advices whatever 
decisions are taken by line managers are implemented in the same way. 

3. Inadequate communication: The policies and strategies which are framed by the top 
authority are carried out in the same way. This leaves no scope for communication 
from the other end. The complaints and suggestions of lower authority are not 
communicated back to the top authority. So there is one way communication. 

4. Lack of co-ordination: Whatever decisions are taken by the line officials, in certain 
situations wrong decisions, are carried down and implemented in the same way. 
Therefore, the degree of effective co-ordination is less. 

5. Authority leadership: The line officials have tendency to misuse their authority 
positions. This leads to autocratic leadership and monopoly in the concern. 

(d) Describe the function of a “Manager” in a typical business 5 
organization. 
Solutions: 
Management is the process of guiding the development, maintenance, and allocation of 
resources to attain organizational goats. Managers are the people in the organization 
responsible for developing and carrying out this management process. The four primary 
functions of managers are planning, organizing, leading, and controlling. By using the 
four functions, managers work to increase the efficiency and effectiveness of their 
employees, processes, projects, and organizations as a whole. 

Planning 

One main role of a manager is creating a plan to meet company goals and objectives. This 

involves allocating employee resources and delegating responsibilities, as well as setting 

realistic timelines and standards for completion. Planning requires those in management 
roles to continuously check on team progress in order to make small adjustments when 
necessary, while still maintaining a clear picture of a company's larger aims and goals. 

Much of one's planning function consists of working independently to determine what 

responsibilities must be given to which employees, setting priority levels for certain tasks, 

and creating timelines. However, communication also plays an important role. For 
example, managers deal with planning when they meet with company leadership to 
discuss short and long-term goals, and when they communicate the specifics of a new 
project to their team or check-in periodically to ensure individual objectives are being met 
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on time. 


Organizing 

Along with planning, a manager's organizational skills can help to ensure a company or 
departmental unit rans smoothly. From establishing internal processes and structures to 
knowing which employees or teams are best suited for specific tasks, keeping everyone 
and everything organized throughout daily operations are important functions of 
management. 

Organization isn't just about delegating tasks efficiently and making sure employees have 
what they need to accomplish their tasks, however. Managers also need to be able to 
reorganize in response to new challenges. This could come into practice in the form of 
slightly adjusting the timeline for a project or re-allocating tasks from one team to 
another. Or, it could mean significantly altering a team's internal structure and roles in 
response to company growth. 

Leading 

Managers should be comfortable and confident commanding their team members’ daily 
tasks as well as during periods of significant change or challenge. This involves 
projecting a strong sense of direction and leadership when setting goals and 
communicating new processes, products and services, or internal policy. 

Leadership can manifest itself in a number of ways, including recognizing when 
employees need an extra boost of reinforcement and praise to handling conflicts between 
team members fairly and decisively. Often, managers may function as leaders even during 
small personal interactions by modeling supportive, encouraging, and motivational 
qualities. 

Controlling 

To ensure all of the above functions are working toward the success of a company, 
managers should consistently monitor employee performance, quality of work, and the 
efficiency and reliability of completed projects. Control (and quality control) in 
management is about making sure the ultimate goals of the business are being adequately 
met, as well as making any necessary changes when they aren't. 

13.(a) Discuss the four distinct phases of the combustion process in an 5 

SI Engine. 

We can divide the combustion process into four distinct phases: 

(1) spark ignition (2) early flame development (3) flame propagation (4) flame 
termination 

The combustion process of SI engines can be divided into three broad regions: (1) ignition 
lag (2) flame propagation, and (3) after burning 

1) Ignition lag or preparation phase (AB): 

e growth and development of a semi propagating nucleus of flame. 

e chemical process depending upon the nature of the fuel, upon both temperature 
and pressure, the proportion of the exhaust gas, and also upon the temperature 
coefficient of the fuel, that is, the relationship of oxidation or burning. 

e point A shows the passage of spark and point B is the first rise of pressure. 
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e ignition lag is generally expressed in terms of crank angle. 
e Ignition lag is very small and lies between 0.00015 to 0.0002 seconds. 
e Ignition lag of 0.002 seconds corresponds to 35 deg crank rotation when the 
engine is running at 3000 RPM. 
e Angle of advance increase with the speed. 
30 
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Figure: Stages of combustion in SI engine 


2) propagation of flame (BC): 
e Period from the point B where the line of combustion departs from the 
compression line to point C, the maximum rise of pressure in P-@ diagram. 
e Flame propagates at the constant velocity. 
e Heat transfer to the cylinder wall is low. 
e Rate of heat release depends upon the turbulence intensity and reaction rate. 
3) After burning (CD): 
e After point C, the heat release is due to the fuel injection in reduced flame front 
after the starts of expansion stroke. 
e No pressure rise during this period. 


(b) Explain the phenomenon of diesel knock. Compare it with the 5 
phenomenon of detonation in SI Engine. 

Solutions: 

Phenomenon of diesel knock: Satisfactory combustion of diesel fuel requires extremely 
fine atomization of the fuel and precise regulation of the start and finish timing of the 
injection period. The normal pressure cycle of diesel combustion can be adversely 
affected by a range of influences, three of which are particularly notable: 1. Ignition delay 
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2. Incomplete combustion 3. Leaking injectors 

The injected liquid fuel droplets must reach distillation temperature and vaporize before 
ignition occurs. This requires a time delay between the points of injection and ignition. If 
the commencement of ignition is further delayed for any reason, then there is an increase 
in the volume of uncombusted fuel in the combustion chamber and when ignition does 
occur, the result is a rough running engine (known as diesel knock). If this condition 
continues, engine component overload and failure are likely. This could include piston 
crown and ring land fracture. 

Comparison with the phenomenon of detonation in SI Engine: 

Spark-ignition knock is caused by the spontaneous ignition of gas ahead of the 
propagating flame front (the end gas) within the combustion chamber. This spontaneous 
ignition results in a rapid release of chemical energy and an accompanying rapid rise in 
cylinder pressure. Unlike spark-ignition knock, diesel knock occurs when injected fuel 
auto-ignites and combusts in the premixed stage of combustion. Whilst this process is a 
normal part of diesel engine operation, various circumstances can lead to excess 
quantities of fuel combusting in a premixed fashion. This situation often develops if the 
parameters governing combustion lead to abnormally long ignition delay periods. As a 
consequence, excessive diesel knock can often be a symptom of underlying faults such as 
poor or contaminated fuels, injection system problems or unsuitable rates of alternative 
fuel substitution. 


(c) Show the energy flow in an IC Engine. 3 
Answer: Same as 4(b), Second Paper, 34" BCS, 

(d) A four cylinder two stroke cycle petrol engine develops 23.5kW 7 
break power at 2500 rpm. The mean effective pressure at each piston is 

8.5 bar and the mechanical efficiency is 85%. Calculate the diameter 

and stroke of each cylinder, assuming the length of the stroke equal to 

1.5 times the diameter of the cylinder. 

Solution: Given, 

No of cylinder, k =4, 

Speed, N= 2500 rpm 

Number of working strokes per minute, n = N (for two stroke cylinder engine) = 2500 
Brake Power, BP = 23.5 kW 

Mechanical Efficiency, mech = 85% 

Mean effective pressure, Py, = 8.5 bar = 850 kPa 

Let, diameter = d, 

Stroke length = 1.5xd 

Mechanical Efficiency = 0.85 


, . Brake power 
We know, mechanical efficiency = —E—ev— 


Indicated power 
_. 23.5 kW 


0.85 
= 27.65 kW 


=> Indicated power 
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PmxLxAxnxk 
60 
Pmx 1.5 xd x(=)x d? xnxk 


Indicated Power = 


=> 27.56 = 


60 
850 x1.5xdx(=)x d2 x 2500 x 4 


“=>d=0.55m =55 mm 
Diameter, d =55 mm 
Stroke length, | = 1.5 x55 = 82.38 mm 
14.(a) Name the principal materials which are used for cutting tools. 3 
Principal material used for cutting tools: 
1. Carbon tool steels 
2. High speed steel 
3. Cast cobalt alloys 
4.Cemented Carbides 
5. Ceramics tool 
6. Diamond tool 
7. Cubic boron nitride (CBN) 
(b) What are the differences between “single point cutting tool” and 
“multi point cutting tool”. 


one main cutting edge in the cutter body. | than one cutting edges in the cutter body. 

While machining with single point | While machining with multi point cutting 
cutting tool, only one main cutting edge | tool, more than one cutting edges 
continuously remains in contact with | simultaneously engage in material 
workpiece. removal action in a pass. 
Chip load per tooth is usually high. Due to presence of multiple cutting 
edges, effective chip load per tooth, 
reduces. 


Design and fabrication of single point | Design and fabrication of multi point 
cutting tools are easier. cutting tools are quite difficult. 
Single point cutting is a Low-cost tool. Multi-point cutting is a High-cost tool. 


Cutting tool temperature is high. Compare to the single-point cutting tool 
the cutting temperature is low. 


Tool life of single point is a shorter | Its tool life is more. 
comparatively multi-point cutting tool. 


Low material removal rate. Good or More material removal rate 
compared to a single-point cutting tool. 


The tool wear rate is high. The tool wear rate is low 


In terms of accuracy, this one provides a | But a Multi-point cutting too] provides 
good surface finish. greater surface finish. 


(c) Sketch a single point cutting tool bit and indicate different tool 5 
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angles. 


Tool Bit Geometry Lathe tool ( single point cutting tool) 


Back Rake angle 


Side View 


Side Cutting Edge Angle 


ne bs a 


End View 


—/ ‘. Clearance Angle 


Fig: Single point cutting tool bit with different angles 
(d) What is welding? What are the methods of welding? 3+3=6 
Welding: The welding is a process of joining two similar or dissimilar metals by fusion, 
with or without the application of pressure and with or without the use of filler metal. 
Methods of welding: The welding is broadly into the following two groups: 
1. Forge or pressure welding ; 
2. Fusion or non-pressure welding 
Electric resistance welding: It is a type of pressure welding. The various types of electric 
resistance welding are as follows: 
i) Spot welding 
ii) Roll spot and seam welding 
iii) Projection welding 
iv)Butt welding 
Arc welding: It is a fusion welding process. Following are the two types of arc welding 
depending upon the type of electrode: 
i) Un-shielded arc welding 
ii) Shielded arc welding 
In other words; 
Metallic inert-gas (MIG) arc welding 
Tungsten inert-gas (TIG) arc welding 


Side Rake Angle 
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(e) Name different tools, appliances and materials which are required 4 
in electric arc welding. 
Tools: 
i) Safety glasses 
ii) Auto-darkening welding helmet 
iii) Chipping hammer 
iv) Wire brush 
v) Gauntlet cuff gloves 
vi) TIG welding gloves 
vii) Proband welding jacket 
viii) Ear protection 
ix) Soapstone 
x) MIG pliers 
Appliances: 
i) Welding Machine 
ii) Electrode holders 
ili) Cables 
_ iv) Cable connectors and lugs 
v) Power wire wheel 
Materials: 
1) Steal and stainless steal 
ii) Aluminum 
iii) Cast iron 
iv) Titanium 
v) copper and brass 
vi) Magnesium alloy 
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MECHANICAL ENGINEERING 
Subject Code: 901 
Time —4 hours 
Full Marks—200 


[N.B.— Answer any five questions from each part. Figures in the right margin indicate 
full marks.] 


Part I 


Marks: 20x5=100 
Marks 


1. (a) What is an Ideal gas? Under what conditions does a real gas behave as an 6 
ideal gas? 


Ideal gas: An ideal gas may be defined as a state of a substance, whose evaporation from its 
liquid state is complete and strictly obeys all the gas laws under all conditions of temperature 
and pressure. 
The assumptions of ideal gas are- 
1. The collisions occurring between molecules are elastic and their motion is 
frictionless. 
2. The total volume of the individual molecules is magnitudes smaller than the volume 
that the gas occupies. 
3. There are no intermolecular forces acting between the molecules or their 
surroundings. 
4. The molecules are constantly in motion, and the distance between two molecules is 
significantly larger than the size of an individual molecule. 
A real gas has molecules that have a non-zero volume and have intermolecular forces that are 
also not zero. An ideal gas has molecules of zero size and zero intermolecular forces. If the 
real gas is low pressure and reasonably high temperature then it will behave like an ideal gas 
in that measuring equipment will not be accurate enough to measure a difference. As the 
pressure gets higher or the temperature gets low enough, the differences between an ideal gas 
and a real gas become measurable. So, at low pressure and reasonably high temperature the 
real gas behave like an ideal gas. 
(b) Name the variables which control the physical properties of a perfect (or an 6 
ideal) gas? 


Answer: Laws of perfect gases are 
Boyle’s law: The absolute pressure of a given mass of a perfect gas varies inversely as its 
volume, when the temperature remains constant. 


Mathematically, p « : or, pv = constant 
Charles’ law: The volume of a given mass of a perfect gas varies directly as its absolute 
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temperature, when the absolute pressure remains constant. 
Mathematically,v « T or, = = Constant 
Gay-Lussac law: The absolute pressure of a given mass of a perfect gas varies directly as its 
absolute temperature, when the volume remains constant. 
Mathematically,p « T or,= = Constant 
From the laws discussed above it can be said that physical properties of a perfect gas is 
controlled by following three variables 

1. Pressure exerted by the gas 

2. Volume occupied by the gas 

3. Temperature of the gas 
(c) 1.0 kg of ethylene requires 2.0 kg of Oxygen and produces carbon dioxide (22/7 8 
kg) and water. Calculate the amount of water (in kg). 


Solution: Chemical reaction for the given case: 
> CH, + 30, = 2CO, + 2H,0 
> 28+96 = 88 + 36 

kg + kg = kg + 2k 
‘ =kg water will be produced (Answer) 


2. (a) Write down the steady flow energy equation with assumptions and simplify 6 
the equation for compressor. 


Answer: Steady flow energy equation with assumptions: 

Assumptions: | 

(1) The mass flow through the system remains constant. 

(ti) Fluid is uniform in composition. 

(iit) The only interaction between the system and surroundings are work and heat. 
(iv) The state of fluid at any point remains constant with time. 

(v) In the analysis only potential, kinetic and flow energies are considered. 
Steady flow energy equation: 


2 2 
q-w= (hz — hy) + (@- =) + (22 — Z)g 
q—w-= Ah + Ake + Ape (J/kg) 
where; q = Heat transfer per unit mass in (J/kg) 
w = Work transfer per unit mass in (J/kg) 
Ah = Au + A(pv) = Specific enthalpy change. 
Steady flow energy equation for compressor: Consider the reciprocating compressor work 
input per unit mass w = —ve 
Heat rejection ( if any )q = —ve 
Change in potential energy Ape = 0 
Change in kinetic energy Ake = 0 
So the steady flow energy equation for reciprocating compressor becomes; 


Q-w = (hz — hy) J/kg) 
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Now consider the centrifugal compressor; 

Change in potential energy Ape = 0 

Work input per unit mass w = —ve 

Heat rejection (if any )q = —ve 

So the steady flow energy equation for centrifugal compressor becomes; 


2 2 
q —w = [(h, — hy) + (2 - 4)] Gag) 
(b) Why safety valve is used in steam boiler and what are the different types of 6 
safety valve used in different steam boiler? 


Answer: Reasons for safety valve in steam boiler: A safety valve is usually referred to as 
the last line of safety defense. Without safety valve, the boiler can exceed its maximum 
allowable working pressure (MAWP) and not only damage equipment, but also injure or kill 
plant operators that are closed by. Safety valve prevent explosions due to excessive internal 
pressure of steam. A steam boiler is, usually provided with two safety valves. The function of 
a safety valve is to blow off the steam when the pressure of steam inside the boiler exceeds 
the working pressure. So for proper and safe functioning of steam boiler safety valve is very 
important. 

Different types of safety valve used in different steam boiler: 

1. Lever safety valve: It is used on the steam boilers. It serves the purpose of maintaining 
constant safe pressure inside the steam boiler. If the pressure inside the boiler exceeds the 
designed limit, the valve lifts from its seat and blow off the steam pressure automatically. 

2. Dead weight safety valve: It is used for stationary boilers. When the pressure of steam 
exceeds the normal pressure, the valve as well as the case are lifted up from its seat. This 
enables the steam to escape through the discharge pipe, which carries the steam outside the 
boiler house. 

3. High steam low water safety valve: These valves are placed on the top of Comish and 
Lancashire boiler. It is a combination of two valves, one of which is the lever safety valve 
which blow off steam when the working pressure of steams exceeds. The second valve 
operates by blowing off the steam when the water level becomes too small. 

4. Spring loaded safety valve: It is mainly used for locomotives and marine boilers. It is 
loaded with spring instead of. weights. 

(c) In a steam boiler, feed Water supplied per hour is 215 kg while coal fired per 8 
hour is 23 kg. The net enthalpy rise per kg of water is 145 KJ. If the calorific value 

of coal is 2150 KJ/Kg, what is the efficiency of the boiler? 


Solution: Given, m, = 215 kg/hr, my = 23 kg/hr, h — ha = = 145 KJ/kg 
C = 2150 KJ/kg 
Boiler efficiency ) =? 


nm — Ms(hohp) _ 215x145 _ _ 
vee mC 2s. 2150 0.63 = 63% (Answer) 


3. (a) How is thermal conductivity of a material defined? Mention the effects of 6 
various parameters on the thermal conductivity of solids. 


Answer: Thermal conductivity: Thermal conductivity of a material is numerically equal to 
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the quantity of heat which flows in one second through a slab of the material of unit area and 
unit thickness when its faces differ in temperature by 1K. 

Effects of various parameters on thermal conductivity: 

1. Material: The kind of material being used in thermal conductivity can affect the rate of 
energy flowing between the two regions. The greater the conductivity of the material, the 
faster the energy flows. According to the Physics Hypertextbook, the material with the 
greatest conductivity is helium II. Other materials with high conductivity are diamonds, 
graphite, silver, copper and gold. 

2. Thickness: The thickness of the material the energy must flow through can affect the rate 
at which it flows. The shorter the thickness, the faster it will flow. The thermal conductivity 
may continue to increase even when the thickness is increased. 

3. Temperature difference: Thermal conductivity varies depending on temperature. 
Depending on the material of the conductor, as the temperature rises the thermal conductivity 
of the material often rises as well, increasing the flow of energy. 

4. Cross — section type: The cross-section type, such as round, C- and hollow-shaped, can 
affect the thermal conductivity, according to the Journal of Materials Science. The article 
reports that the thermal diffusivity factor of C- and hollow-shaped carbon fiber-reinforced 
composites showed about two times higher values than those of round-type ones. 

(b) What are Fourier and Boit numbers? What are the physical significance of 5 
these numbers? 


Answer: Fourier number: The ratio of the rate of heat conducted to the rate of heat stored 
at that time. . 

Biot number: The ratio of the convection at the surface of the body to the conduction within 
the body. 

Significance of Fourier number: 

Fourier number is a measure of heat conducted through a body relative to heat stored. Thus, 
a large value of the Fourier number indicates faster propagation of heat through a body. 
Significance of Biot number: 

A small biot number represents small resistance to heat conduction and thus small 
temperature gradients within the body. 

If the value of biot number (Bi) < 0.1 then the lumped system analysis is applicable. 

(c) A gas filled tube has a 2mm inside diameter and 25cm length. The gas is heated 9 
by an electrical wire of diameter 0.05mm located the axis of the tube. The current 

and the voltage drop across the heating element are 0.5amps and 4 volts 
respectively. If the measured wire and inside tube wall temperatures are 175°C & 
150°C.Find the thermal conductivity of the gas filling the tube. 


Solution: Given, rz = (2 +2) mm=1mm,r, = (0.05 +2)mm = 0.025mm 
T, =175°C = 448K, T, = 150°C = 423K, L = 25cm = 0.25m, 
V =4 volts, = 0.5 amp 
We know that heat transfer rate Q =P = VI watt 
Q =4x0.5 = 2 watt 
We also know radial heat conduction through cylinder is; 
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_ 2mkL(T1-T2) 


In(r2/r1) 
2mkx 0.25 (448 —423 ) 


=2 = 
In(1/0.025) 
“.k = 0.1878 W/m K (Answer) 
4. (a) State the laws with their equations which govern the radiation heat transfer? 6 
What is a radiation shield? 


Answer: Kirchoffs law: Kirchoffs law states that the absorptivity (a) of a substance for 
radiation of a specific wavelength is equal to its emissivity for the same wavelength. 

a(A) = e(A) 
Stefan-Boltzman’s Law: This law states that the intensity of radiation emitted by a radiating 


body is proportional to the fourth power of the absolute temperature of that body. 
Ep = €0T * 

Where, E, = Radiation flux 
€ =emissivity 
o = Stefan — Boltzman’s constant 
T= Body temperature 
Planck's law: It describes the spectral density of electromagnetic radiation emitted by a 
black body in thermal equilibrium at a given temperature T, when there is no net flow of 
matter or energy between the body and its environment. 

E=hv; 
Where, h=Planks constant; v= frequency 
Radiation shield: Radiation shield is a resistance in the heat-flow path so that the overall 
heat transfer is retarded. These shields do not deliver or remove any heat from the overall 
system. 


“A 
1 2 | 3 2 
(a) ) 
Figure: Radiation between two parallel planes with (b) and without (a) radiation shield. 
(b) What is a black body? How does it differ from a gray body? 5 


Answer: 


Black Body: A black body or blackbody is an idealized physical body that absorbs all 
incident electromagnetic radiation, regardless of frequency or angle of incidence. The name 
"black body" is given because it absorbs radiation in all frequencies, not because 
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it only absorbs: a black body can emit black body radiation. 
Black body Gray Body 


Blackbody is an idealized physical | Gray body does not absorb all incident 
body that absorbs all electromagnetic radiation. 
incident electromagnetic radiation 


Perfect absorber and perfect emitter It is not perfect emitter and perfect emitter. 
Can absorb all incident electromagnetic | Can’t absorb all electromagnetic wave. 
wave. 


Perfect emitter It considered as opaque object 


(c) Two large parallel plates with é=0.5 each are maintained at different 9 
temperatures and are exchanging heat only by radiation. Two equally large 
radiation shields with surface emissivity 0.5 are introduced in parallel to the 
plates. Find the percentage reduction in net radioactive heat transfer. Consider all 
resistances per unit surface area. 


Solution: Given, €; = €2 = ¢ = 0.5;N = 2 
Ao(T*,—T*2) 
ate 
And Qi2.N shield = — Meme 
; £1 £2 
Here, N=2; «~~ = — = = = 0,33; 
N+1  2+1 3 
Heat transfer reduces to one-third of the no shield radiation heat transfer. 
So, (1-0.33)=0.67 or 67% reduction in radiation heat transfer.(Answer) 
5. Write short notes with necessary sketch (any four): 5x4=20 
(a) Vapor compression refrigeration system 
(b) Submersible pump 
(c) Heat pump 
(d) Induced draft 
(e) Mach number 


Answer: 


We know, Q12,no shield = 


(a) Vapor compression refrigeration system: see at “Fundamental of Mechanical 
Engineering vol.1, chap.6.” 

(b) Submersible pump: A submersible pump is a centrifugal pump, which is attached to an 
electric motor and operates while submerged in water. The sealed electric motor spins a 
series of impellers. 
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Start-up: Before starting the pump, close the restrictor valve almost completely. Start the 
pump and gradually open the restrictor valve until the pump is either (a) pumping at full well 
yield, (b) pumping at rated capacity, or (c) begins pumping sandy water. In the last situation, 
submersible pumps will wear out very quickly if they pump water containing sand. In some 
situations, restricting the pump using the restrictor valve will be all that is necessary to 
prevent sand from being lifted up the well casing and into the pump. The pump should never 
be shut off while pumping sandy water. The pump should be restricted until the water comes 
clear. 


Maintenance: No regular maintenance is required on submersible pumps. When a three-wire 
submersible pump fails, check the pump control box with electrical meters before removing 
the pump from the well. 


Advantages: Submersible pumps are efficient, high in capacity, require very little 
maintenance and are generally very economical for wells that are 80 feet or more in depth. 


Limitations: The tolerances between the impellers and diffusers are relatively small; . 
therefore, submersible pumps are unsuitable for pumping water that contains sand or other 

abrasives. Submersible pumps are water cooled and water lubricated. They should not be 

installed in wells that will pump dry, unless they are protected by a liquid level control. 

Submersible pumps are not suitable for pumping water containing a high concentration of 

dissolved gases because the pump may become gas locked. 


(c) Heat pump: A heat pump is a device, operating in a cycle, that maintains a space at a 
higher temperature than the surroundings. The heat pump supplies heat continuously to 
the controlled space and thus maintained the higher temperature to the surroundings. 
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Cold atmosphere 


Figure: Schematic of a Heat pump 
Heat supplied = Qu 
Work input ~ Win 
But, Qy = Qu + Win 
Now, (COP)yp = A“ = 14+ 24 = 1+ (COP). 


(COP) up = 


(d) Induced draft: whee ard draft is not sufficient, mechanical draft should be 
generated. Induced draft is a type of mechanical or artificial draft. 
> Fan is placed after the grate 
> Pressure inside the furnace is below the atmospheric pressure. 
> It sucks hot gases from the combustion chamber and forces them into the chimney 
> For handling hot air, more power required 


Mach number: “Fundamentals of Mechanical Engineering vol.1, chapter-4” 
6. (2) Draw shear force and bending moment diagram of cantilever beam with 5 
gradually varying load. 


Answer: “Fundamentals of Mechanical Engineering vol.1, chapter-7” 

(b) Describe the following (any two): (i) Hoop stress (ii) Modulus of resilience 5x2=10 
(iii) Mohr circle diagram. 

Answer: (i) Hoop stress: The stress acting along the circumference of the cylinder is called 
circumferential stress or hoop stress. 
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dF=p dA=pL(D2)d0 


dF = pdA = pL> de 


= F = f'(pL=d@) sin @ = pL= [~ cos 6] 


So, F = pDL 
=/DPE = Pe 
Now, 6; = i oe = hoop stress 


(ii) Modulus of resilience: Modulus of resilience is the maximum amount of energy per unit 
volume that a material can absorb and still return to its original position. 


sa: ae Sea __-~ yield point 
f ~™ elasticlimit 


modulus of resilience, u, 


Eu Ey 


2 
a 


Modulus of resilience = U, or p = 3E 


Where, 

1. U, or pis the modulus of resilience. 

2. Oy is the yield strain. 

3. And E is young’s modulus. 
(iii) Mohr circle diagram: The transformation equations for plane stress can be represented 
in graphical form by a plot known as Mohr’s Circle. This graphical representation is 
extremely useful because it enables you to visualize the relationships between the normal and 
shear stresses acting on various inclined planes at a point in a stressed body. Using Mohr’s 
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Circle you can also calculate principal stresses, maximum shear stresses and stresses on 
inclined planes. 


Molu’s Cucle 


General Stress " 
State $1 or o 


Hin Prine stress. 
33 oF 0; mamai 
SZ or og mamal 


counter-clorkunse 


__ OxtOy 4 [(@2=2xy2 2 
Savg = 2 ;R= ( 2 ) + Tyy 


Substitute oy, and R to get 

(0x1 — Gag)” + eee = R? 

-. Centre of the Mohr circle is (Gayg,0) and radius R. 

(c) Define specific speed and unit speed of a turbine. 5 


Answer: 

Specific speed: It is defined as the speed of a turbine which is identical in shape, geometrical 
dimensions, blade angles, gate operating etc. with the actual turbine but of such a size that it 
will develop unit power when working under unit head. The specific speed used in 
comparing different types of turbine as every type of turbine has different specific speed. 


NvP 
N, = 

H5/4 
Where, 


N, = specific speed 
N = speed of actual turbine 
P = developed power or shaft power 
H = head under which the turbine is working 
Unit speed: Unit speed is defined as the speed of a turbine working under a unit head. 
: N 
Unit speed, Ny = Ti 
Where, 
N = speed of a turbine under a head H 
H = Head under a turbine is working 
7. (a) Discuss the usages of power screws and keys in the transmission of load. 6 


Solution: Usages of power screw: A power screw is a drive used in machinery to convert a 
rotary motion into a linear motion for power transmission. Power screws should be designed 
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for smooth and noiseless transmission of power with an ability to carry heavy loads with high 
efficiency. It produces uniform motion. 

Power Screws are used due to the following reasons: 

¢ Can obtain high mechanical advantage in order to move large loads with a minimum effort. 
e.g screw jack 

* To generate large forces e.g tensile test machine, compactor press. 

¢ To obtain precise axial movements e.g. camera calibration rigs. 
Usage of keys: Keys are used in machine construction to prevent a machine part, such as a 
gear or a pulley, from rotating relative to the shaft on which it is mounted. A common type of 
key is a square bar that fits half in a groove (keyway) in the shaft and half in an adjoining 
keyway in the component. 

(b) What are the causes of failure of riveted joints? Explain. 6 


Answer: Some common causes of failure of riveted joints are - 

Tearing of the plate at the edge: A joint may fail due to the tearing of the plate at an edge. 
Such a failure occurs due to insufficient margin. This can be avoided by keeping the margin, 
m = 1.5d, where d is the diameter of the rivet hole. 


Figure: Tearing of the plate at the edge 


Tearing of the plate across a row of rivets: Due to the tensile stresses in the main plates, 
the main plate or cover plates may tear off across a row of rivets as shown in Fig. below. In 
such cases, we consider only one pitch length of the plate, since every rivet is responsible for 
that much length of the plate only. The resistance offered by the plate against tearing is 
known as tearing resistance or tearing strength or tearing value of the plate. 

When the tearing resistance (P;) is greater than the applied load (P) per pitch length, then this 
type of failure will not occur. 
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Figure: Tearing of the plate across a row of rivets 


Shearing of rivets: It may be noted that the rivets are in *single shear in a lap joint and in a 
single cover butt joint, as shown in Fig. (i). But the rivets are in double shear in a double 
cover butt joint as shown in Fig. (ii). The resistance offered by a rivet to be sheared off is 
known as shearing resistance or shearing strength or shearing value of the rivet. 


(aes 
~WUUUA' WU 
A 


P 


(a) Shearing off a rivet in a lap joint. 
men aie as 
YWp,: Va. Wr 


(b) Shearing off a rivet in a single cover butt joint. 
Figure (i): Shearing of rivets 
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Figure (ii): Shearing off a rivet in double cover butt joint. 
Crushing of rivets: Sometimes, the rivets do not actually shear off under the tensile stress, 
but are crushed as shown in Fig. below. Due to this, the rivet hole becomes of an oval shape 
and hence the joint becomes loose. The failure of rivets in such a manner is also known as 
bearing failure. The area which resists this action is the projected area of the hole or rivet on 
diametral plane. The resistance offered by a rivet to be crushed is known as crushing 
resistance or crushing strength or bearing value of the rivet. 
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Figure: Crushing of rivet 
(c) A body is subjected to two normal stresses 20kN/m?(tensile) and 10 8 
kN/m?(compressive) acting perpendicular to each other. What is the maximum 
shear stress? 


01— 02 
2 


Solution: We know, maximum shear stress, Tmax = 


a = 15 KN/m? (Answer) 
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Part Il 
Marks: 20x4=100 
8. (a) Explain with neat sketches free and forced vibration. 6 


Answer: “Fundamentals of Mechanical Engineering vol.1, chapter-8” 


(b) Discuss briefly the effects of gyroscope couple on an aeroplane and a naval 4 
ship. 


Answer: Effects of gyroscope couple on an aeroplane: 

1. When the engine or propeller of an aeroplane rotates in the clockwise direction when 
seen from the rear or tail end and the aeroplane takes turn to the left, then the effect of 
gyroscopic couple will be to raise the nose and dip the tail of the aeroplane. 

2. When the aeroplane takes a right turn under similar conditions as discussed above, the 
effect of the gyroscopic couple will be to dip the nose and raise the tail of the aeroplane. 

3. When the engine or propeller rotates in anticlockwise direction when viewed from the 
rear or tail end and the aeroplane takes a left turn, then the effect of the gyroscopic couple 
will be to dip the nose and raise the tail of the aeroplane . 

4, When the aeroplane takes a right turn under similar condition as mentioned in note 3 
above, the effect of gyroscopic couple will be to raise the nose and dip the tail of the 
aeroplane. 

5. When the engine or propeller of an aeroplane rotates in the clockwise direction when 
viewed from the front and the aeroplane takes a left turn, the effect of gyroscopic couple 
will be to raise the tail and dip the nose the aeroplane. 

6. When the aeroplane takes a right turn under similar conditions as mentioned in note 5 
above, the effect of gyroscopic couple will be to raise the nose and dip the tail of the 
aeroplane. 


Effects of gyroscopic couple on a naval ship: 

1. Steering: The steering is the turning of a complete ship in a curve towards left or right, 

while it moves forward. When the rotor of a ship rotates in the clockwise direction when 
viewed from the stern and the ship during steering takes a left turn, then the effect of 
gyroscopic couple will be to raise the bow and lower the stern. 

Notes: (i). When the ship steers to the right under similar conditions as discussed above, 
the effect of gyroscopic couple will be to raise the stern and lower the bow. 

(ii) When the rotor rotates the anticlockwise direction, when viewed from the stern and the 
ship is steering to the left, then the effect of gyroscopic couple will be to lower the bow 
and raise the stern 

(iii) When the ship is steering to the right under similar conditions as discussed in note (ii) 
above, then the effect of gyroscopic couple will be to raise the bow and lower the stern 

(iv) When the rotor rotates in the clockwise direction when viewed from the bow or fore 
end and the ship is steering to the left, then the effect of gyroscopic couple will be to raise 
the stern and lower the bow. 

(v) When the ship is steering to the right under similar conditions as discussed I note (iv) 
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above, then the effect of gyroscopic couple will be to raise the bow and lower the stern. 
(vi) The effect of gyroscopic couple on a boat propelled by a turbine taking left or right 
turn is similar as discussed above. 

2. Pitching: The pitching is the movement of a complete ship up and down in a vertical 
plane about transverse axis. When the pitching is upward, the effect of the gyroscopic 
couple will try to move the ship towards star-board. On the other hand, if the pitching is 
downward, the effect of gyroscopic couple, is to turn the ship towards port side. 

3. Rolling: In case of rolling of a ship, the axis of precession is always parallel to the axis 
of spin for all positions. Hence, there is no effect of the gyroscopic couple acting on the 
body of a ship. 

(c) There are six gears A, B, C, D, E :& F are in a compound gear train. The 10 
numbers of teeth of the gears are 20, 60, 30, 80, 25 and 75. What is the angular 
speed ratio of the driver (F) to the driver (A) of the device? 


Solution: Given; T, = 20, Tg = 60, Tc = 30, Tp = 80, Tg = 25, Tr = 75 

Let, Speed of gear A = Na, Speed of gear B = Ng, Speed of gear C = Nc, Speed of gear D 
= Np, Speed of gear E = Ng, Speed of gear F = Np 

We know the speed ratio of compound gear train is; 

Na Nc Ne TB Tp Tr 

= XS KS SE eK XK 

Neg Np NF Ta Tc TE 

Here; Ns = Nc and Np = Ne 

Na _ 60x80 X75 


rs 7 SqRaoRaE oe 
aes seit 
Na 24 

. 21NE 
Angular speed of driven gear F, wp = ~~ 
Angular speed of driver gear A, wa = _ 

ue N Z 
.. Angular speed ratio of driven (F) to driver(A) = = TN, = 7 er (Answer) 
A 


9. (a) Explain the phenomenon of pre-ignition. How pre-ignition leads to 6 
detonation and vice-versa in an internal combustion engine? 


Answer: Pre-ignition phenomena: 

Pre-ignition is the ignition of the charge in spark ignition engine before the spark occurs in 
the spark plug. Or, pre-ignition is the spontaneous combustion of the mixture before the 
end of the compression stroke. The ignition source can be caused by a cracked spark plug 
tip, carbon or lead deposits in the combustion chamber, or a burned exhaust valve, 
anything that can act as a glow plug to ignite the charge prematurely. 


From pre-ignition to detonation or vice versa: 

Engines can tolerate detonation for substantial periods of time, but there is no engine that 
can survive for very long when pre-ignition occurs. The engine will not run for more than a 
few seconds with pre-ignition. 

Although detonation and pre-ignition are two completely different phenomena, it is 
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possible for heavy detonation to induce pre-ignition. If the engine is operating in heavy 
detonation for a significant period of time, the excessive temperatures and pressure spikes 
(which disturb the usual protective boundary layer) can cause spark plug electrodes and 
other things in the combustion chamber to overheat to the point where they start to glow 
red hot. At that point, the glowing item can cause pre-ignition and rapid destruction of the 
cylinder. 

(b) Define octane number. 4 


Answer: Octane number denotes the percentage (by volume) of iso-octane in a 
combustible mixture containing iso-octane and normal-heptane. It is a number that is used 
to measure the antiknock properties of a liquid motor fuel (such as gasoline) with a 
higher number indicating a smaller likelihood of knocking. 

(c) Why is refrigeration and reheating is done in the gas turbine power cycle? 5 


Answer: “Fundamentals of Mechanical Engineering vol.1, chapter-5” 
(d) What are the sources of energy in Bangladesh that are used for power 5 
production? 


Answer: 


1290.00 MW 5.87 % 


230.00 MW 1.05 % 
1160.00 MW 5.28 % 
123.00 MW 0.56 % 


10.(a) What is meant by convection heat transfer? Discuss the physical 5 
mechanism of natural convection. : 


Answer: Convection heat transfer: 


Convective heat transfer, often referred to simply as convection, is the transfer of 
heat from one place to another by the movement of fluids. Convection is usually the 
dominant form of heat transfer in liquids and gases. 


Physical mechanism of natural convection: 


The motion that results from the continual replacement of the heated air in the vicinity of 
the egg by the cooler air nearby is called a natural convection current, and the heat 
transfer that is enhanced as a result of this natural convection current is called natural 
convection heat transfer. 
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The cooling of a boiled egg in a cooler environment by 
natural convection. 


(b) Why ducts are used in Air conditioning system? 5 


Answer: A duct system is a passage for air flow so ducts deliver either warm or cool air to 
all areas of your home and helps in ventilating your home completely. Ducts have two 
main types of air flow: 

e Supply air— this is outside air that gets drawn inside. 

e Return air- this is inside air that gets brought back outside. 
The supply and return ducts serve as a pathway for air so that it can be circulated 
throughout the home. 
When the thermostat indicates that the temperature needs to be turned down, the return air 
ducts pull in warm air from inside and passes that air through a filter that removes airborne 
particles. Then this air moves right back to the supply air ducts where it is delivered as 
cool air back into the house. 
(c) Classify central air conditioning system. Also list the selection criteria for 5 
air conditioning system. 


Answer: Classification of central air conditioning system: 

The central station air conditioning systems are classified according to cooling medium 
used to transport thermal energy to or from the air conditioned space. The main types of 
cooling medium used in central air-conditioning system are 

1.All-air system 

All-air systems transfer cooled or heated airfrom a central plant via ducting, 
distributing air through a series of grilles or diffusers to the room or rooms being served. 
2.All-water system : 

In the system, both sensible and latent space cooling are achieved by chilled water 
obtained from central refrigeration system through the cooling coils in terminal units 
located in various spaces in the building. 

3.Air-water system 

In an air water system, both air and water are distributed to each air conditioned space to 
create a cooling effect. 
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Selection criteria for air conditioning system: 
e Capacity, performance & spatial requirements 
e Initial and running costs 
e Required system reliability and flexibility 
e Maintainability 
e Architectural constraints e 
The relative importance of the above factors may vary from project to project. 
(d) What are the different factors considered in load estimation sheet for 5 
comfort application? 


Answer: Factors considered in load estimation sheet for comfort application: 
1. Load estimate sheets are designed for limited application with respect to building type, 
construction, internal heat gains and exposure. 
2. Application of load forms requires estimates of time peak loads or range of time of peak 
loading. 
3. Commercial load forms are based on significant internal heat gains and relatively lower 
external heat gain. Do not use residential forms for commercial applications and vice- 
versa. 
4. FW sunlit windows, doors and walls : 

a. Determine the exposure at peak load time. 

b. In calculating the solar load. orientation of wall is Critical. 

c. Walls--use wall area exposed to sun during the day. 
5. Transmission gain for walls, windows, doors and partition : 

a. Area to include all windows exposed to outside air. 

b. Partitions may be considered as shaded walls if no factor is listed. Partitions exposed 
to unusual conditions such as kitchen, boiler room etc, may be handled by multiplying 
partition factors by 2, if no special allowance factor is listed. 

6. Internal heat gains a 

a. Evaluate occupancy load carefully 

b. Adequate exhaust and hoods over appliances may reduce the loads from these 
appliances by as much as 50% 

c. Careful consideration should be given for lighting load, frequently this is the major 
internal load particularly in office space or brilliantly lighted stores. 

11.(a) What is work sampling? Explain the steps of work sampling. 6 


Answer: Work sampling: Work sampling is the statistical technique used for determining 
the proportion of time spent by workers in various defined categories of activity (e.g. 
setting up a machine, assembling two parts, idle...etc.). It is as important as all other 
statistical techniques because it permits quick analysis, recognition, and enhancement of 
job responsibilities, tasks, performance competencies, and organizational work flows. 
Other names used for it are ‘activity sampling’, ‘occurrence sampling’, and ‘ratio delay 
study’. 

In a work sampling study, a large number of observations are made of the workers over an 
extended period of time. For statistical accuracy, the observations must be taken at random 
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times during the period of study, and the period must be representative of the types of 
activities performed by the subjects. ¢ 

One important usage of the work sampling technique is the determination of the standard 
time for a manual manufacturing task. Similar techniques for calculating the standard time 
are time study, standard data, and predetermined motion time systems. 

There are several recommended steps when starting to prepare a work sampling study: 

e Define the manufacturing tasks for which the standard time is to be determined. 

e Define the task elements. These are the defined broken-down steps of the task that 
will be observed during the study. Since a worker is going to be observed, 
additional categories will likely be included as well, such as "idle", "waiting for 
work", and "absent". 

e Design the study. This includes designing the forms that will be used to record the 
observations, determining how many observations will be required, deciding on the 
number of days or shifts to be included in the study, scheduling the observations, 
and finally determining the number of observers needed. 


e Identify the observers who will do the sampling. 

e Start the study. All those who are affected by the study should be informed about it. 

e Make random visits to the plant and collect the observations. 

e After completing the study, analyze and present the results. This is done by 
preparing a report that summarizes and analyzes all data and making 
recommendations when required. 

(b)State the difference between quality control and inspection. 6 
Answer:. 


Cea cont 
Part of QC Broad term, Inspection at particular 
stage ; 


Definition Checking of material, product or | Effective system for integrating 
components of product at various | quality development, quality 
stages, with reference to certain | maintenance and quality 
pre-determined factors and | improvement efforts of various 
detecting and sorting out the faulty | groups in an organization to enable 


or defective items. the production to be carried out at 
most economical level 


Devices used | Precision measuring instruments | Statistics, control charts, 
such as vernier calipers, acceptance sampling, process 
micrometers, profile projectors etc. | capability study, V. R., quality 
audits etc. 
production production. 
inspectors organization is responsible. 
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(c) What is control chart? Discuss the rule of control charts in manufacturing 8 
process. 


Answer: Control Chart: The control chart is a graph used to study how a process changes 
over time. Data are plotted in time order. A control chart always has a central line for the 
average, an upper line for the upper control limit, and a lower line for the lower control 
limit. These lines are determined from historical data. By comparing current data to these 
lines, you can draw conclusions about whether the process variation is consistent (in 
control) or is unpredictable (out of control, affected by special causes of variation). 

Rule of control charts in manufacturing process: 


If a process is in statistical control, most of the points will be near the average, some will 
be closer to the control limits and no points will be beyond the control limits. The 8 
control chart rules listed in table below give indications that there are special causes of 
variation present. Again, these represent patterns. 


Table 1: Control Chart Rules 


Beyond One or more points beyond the control limits 
Limits 


2 out of 3 consecutive points in Zone A or beyond 
4 out of 5 consecutive points in Zone B or beyond 


4 Zone C 7 or more consecutive points on one side of the average (in 
Zone C or beyond) 


7 consecutive points trending up or trending down 
Mixture 8 consecutive points with no points in Zone C 


Stratificatio 15 consecutive points in Zone C 
n 
Over- 14 consecutive points alternating up and down 
control 


It should be noted that the numbers can be different depending upon the source. For 
example, some sources will use 8 consecutive points on one side of the average (Zone C 
test) instead of the 7 shown in the table above. 

12.(a) Describe briefly different allowances in making patterns for casting. 6 
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Answer: There are five types of casting allowances are there, and those are: 


1. Shrinkage Allowance: During cooling of the material in the Casting process, in all the 
three stages, the material is getting shrinking (reducing its dimensions or volume). But, 
shrinkage allowance taking place in Ist two stages is called Liquid Shrinkage. 


2. Machining Allowance: The extra dimension provided on the casting and it will be 
removed by machining after the casting has been completed is called Machining 
Allowance. 


3. Draft Allowance: Making the vertical surfaces of the pattern into inclined surfaces is 
called Draft Allowance. 


4, Shake Allowance: A pattern is shaken or rapped by striking the same with a wooden 
piece from side to side. This is done so that the pattern a little is loosened in the mold 
cavity and can be easily removed. In turn, therefore, rapping enlarges the mould cavity 
which results in a bigger sized casting. 


5. Distortion Allowance: When casting of very thin surfaces like V Shape, U shape etc. it 
will distort or damage during pattern removal or during casting. To avoid this problem, a 
chamber is provided on pattern to compensate distortion during pattern removal. This 
change in casting dimension is known as distortion allowance. 


(b) Differentiate permanent mold casting and die casting. 6 


Answer: In permanent mold casting, metal flows into the cavity from a reservoir. A gate 
controls the speed of flow to reduce turbulence. Typically, the die will be designed to fill 
from the bottom or side with the riser at the highest point. 


After filling, the metal is given time to freeze before the mold is opened and the part 
removed. Features such as internal galleries are created by placing inserts into the mold 
before it is closed. 


In contrast to gravity-fed permanent mold casting, with die casting, metal is forced into the 
cavity under pressure. This makes it very similar to plastic injection molding. As with 
permanent mold casting, once the metal solidifies, the mold opens and the cast forms are 
removed. 


(c) Describe briefly one non-destructive test for detection of weld defects. 8 


Answer: The most common non-destructive tests to check welds are Visual Inspection, 
Liquid Penetrant, Magnetic Particle, Eddy Current, Ultrasonic, Acoustic Emission and 
Radiography. 

Out of these non-destructive tests, liquid penetrant inspection is described. 

Liquid or Dye Penetrant Inspection: As the name suggests a coloring agent is used to 
detect weld defects. This method will only find surface cracks and surface discontinuities. 
The weld surface is thoroughly cleaned of scale and splatter (but not shot blasted as it will 
close over the defects). A detergent wash is used to remove dirt, a pickling paste is used to 
remove paint or grease and a degreaser or solvent is applied to remove oil. Only a clean 
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metal surface is acceptable. 

The system normally comes in two spray cans — one is the penetrant and the other is the 
developer. The penetrant is sprayed over the weld and capillary action draws it into any 
minute surface cracks. The penetrant on the surface is wiped off and the penetrant in the 
cracks remains wet. After a short dwell time the developer is sprayed over the weld. The 
developer acts to draw-out the penetrant dye from the cracks and so changes color. It 
behaves like blotting paper and magnifies the presence of the crack. 

13.(a) Define the following machining operation: 6 
(i) boring (ii) drilling (iii) reaming 

Answer: See Fundamentals of Mechanical Engineering Vol.1, chapter-10. 

(b) Differentiate between up milling and down milling operation. 6 
Answer: Difference between up milling and down milling operation is given below 


Cutter teeth moves in a direction opposite | Cutter teeth moves in a direction same as 
to the direction of feed of work piece the feed of the work piece 


It is an ancient method of machining It is a modern method of machining 


It tends to lift the work piece from fixture | It does not tend to lift the work piece from 
fixture 

Cutter force is higher at the end of the cut | Cutter force is higher at the beginning of 
the cut 

Chip thickness is highest at the end Chip thickness is highest at the beginning 


The cutter has strong rubbing action The cutter has small rubbing action 
This method is less effective This method is more effective 


Surface finish is weaker than down | Surface finish is higher. 
milling . ; 


Cutter Cutter 


Downmilling 


Upmilling 


(c) Describe the chip formation in metal cutting. 8 
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Answer: In any machining operation, the material is removed from the work piece in the 
form of chips, the nature of which differs from operation to operation. Chips are formed 
due to tearing and shearing. In the process of chip formation by tear, the work piece 
material adjacent to tool face is compressed and a crack runs ahead of cutting tool and 
towards the body of the work piece. The chip is highly deformed and work piece material 
is relatively under-formed. Cutting takes place intermittently and there is no movement of 
the work-piece material over the tool face. In chip formation by shear, there is general 
movement of the chip over tool face. As the tool advances into the work-piece, the metal 
ahead of the tool is severely stressed. The cutting tool causes internal shearing action in the 
metal, such that the metal below the cutting edge yields and flows plastically in the form of 
chip. Firstly compression of the metal under the tool edge takes place and then follows 
separation of metal, when compression limit of that metal has been exceeded. Plastic flow 
takes place in a localized region called shear plane, which extends from the cutting edge 
obliquely upto the uncut surface ahead of the tool. When the metal is sheared the crystals 
are elongated, the direction of elongation being different than from that of the shear. It may 
be mentioned that the deformation of metal in the process of separation of chip, does not 
occur sharply across the shear-plane. The grains of the metal ahead of cutting edge of tool 
start elongating along the line AB and continue to do so until they are completely 
deformed along the line CD. The region between the lines AB and CD is called shear-zone. 
After passing out the shear-zone, the deformed metal slides along the tool face due to the 
velocity of the cutting tool. For all mathematical analysis this shear zone is treated as a 
plane and is called a shear-plane. The angle made by plane of shear with the direction of 
tool travel is known as shear angle (@). Its value depends on the material being cut and the 
cutting conditions. If ($) is small, path of shear will be long, chips will be thick, and the 
force required to remove the layer of metal of given thickness will be high and vice versa. 
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Plastic 
zone 


Work-piece 


Fig: Chip formation Process 
14.(a) Give a definition of organization and put forward the classification of 8 
organization structures with relative merits and demerits. 


Answer: Organization: Organization is the process so combining the work which 
individuals or groups have to perform with the facilities necessary for its execution, that 
the duties so performed provide the best channels for the efficient, systematic, positive and 
coordinated application of the available effort. 

Organizational structure is mainly classified into 3 types 

1. Functional 

2. Divisional 

3. Matrix 

Functional organizational structure: Authority is determined by the relationship 
between group function and activities. 
Advantages 

e The team is managed by an experienced person with a high ability and skills who 
can adequately understand and review the entire work. 

e The team members work with other people in the field and it allows sharing of 
thoughts and knowledge to make the people learn new skills. 

e The staffers have the chance to get promoted within their functional areas which 
can be a reason for them to stay long term. The company is getting the advantage of 
their expertise and knowledge. 

e Because of people’s expertise, the workers with specialized skills can perform tasks 
quickly, efficiently and with more confidence, while reducing of work-related 
mistakes 

e This can be an ideal structure for small businesses that focus on one product or 
service because you can maximize performance by encouraging peer cooperation 
among different units at various levels of management through supervision and 
coordination. 

Disadvantages: 

e The functional organization may have unhealthy competition working with the 
other areas. There may be a lack of understanding as to how significant that 
specific are to the company. 

e Because the people in the functional organization are grouped according to their 
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special set of skills, roles or task, the entire team will operate well. However, the 
business strategies and the level of bureaucracy make it difficult to respond to 
changes immediately. 

e Another disadvantage of functional organization structure is that these functional 
groups may not be able to communicate more often which decreases flexibility and 
innovation 

Divisional organizational structure: Corporate division operates as autonomous business 
under the large corporate umbrella. 
Advantages: 
e Each division can work as an independent unit. 
Each division gets adequate freedom. 
Division managers become experts in their area. 
Separation of strategies and operating control. 
Good training ground for strategic management. 
This structure can create career development chances. 
Remove the need for direct supervision of division by corporate managers. 
Timely and effective decisions can be taken. 
Retain function specialization within each division. 
e Frees chief executive officer for border strategic decision making 
Disadvantages: 

e This structure is not suitable for small organizations. 

e Headquarters find it difficult to control each division. 

e Duplication of activities may happen in different divisions. 

e Can be very expensive, When each division is engaged in independent service cost 
may increase 

e When each divisional manager safeguards his interest alone, he/she ignores the 
common goal of the organization. ‘ 

e The conflict between the divisional head. 

e Can focus on short term performance. 

Matrix organizational structure: A matrix structure is that organizational structure that 
assigns specialists from different functional department to work on one or more project. 
Advantages: 

e Collaboration between different departments 

e Combines project and functional management structures 

e Allows interdepartmental communication 

e Employees can develop new skills 

e Team members and managers keep their functional roles 

Disadvantages: 

e Managerial roles may not be clearly defined. 

¢ Team roles may not be clearly defined. 

e The decision-making process can be slowed down. 
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e Too much work can cause overload. 
e Measuring employee performance might become difficult 
(b) Define management and administration. 5 


Answer: Management: Organization and coordination of the activities of an enterprise in 
accordance with certain policies and in achievement of clearly defined objective is 
management. Management means conducting and directing. 
In other words management is the organizational process that includes 
e Strategic planning 
Setting objectives 
Managing resources 
Deploying the human and financial asset needed to achieve objectives 
Measuring results 
The functions that management performs are: 


1. Planning 
2. Organizing 
3. Leading 


4. Controlling 
Administration: administration refers to the group of individuals who are in charge of 
creating and enforcing rules and regulations, or those in leadership positions who complete 
important tasks. . 
The main responsibility of an administration is to ensure the efficient performance of all 
departments in an organization. It acts as a connecting link between the senior 
management and the employees. Administration provides motivation to the work force and 
makes them realize the goals of the organization. 
(c) Name the major functions of personnel management and describe them in = 7 
short. 


Answer: Major functions of personnel management is classified into 2 types: 
1. Managerial function 
2. Operative function 
Managerial function: The Managerial functions of a personnel management involve 
planning, organizing, staffing, directing, coordinating, reporting and budgeting of those 
who actually perform the operative functions of the personnel department. 
Personnel Planning: 
Planning lays down a pre-determined course to do something such as what to do, how to 
do, where to do, who is to do etc. A personnel manager plans in advance the trend in 
wages, labour market, union demands etc. Through planning, most of the future problems 
can be anticipated. 
Organizing: 
The personnel manager has to design the structure of relationships among jobs, personnel 
and physical factors so that the objectives of the enterprise are achieved. 
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Directing 

This function relates to guidance and stimulation of the subordinates at all levels. The 
personnel manager directs and motivates the employees of his department so that they 
work willingly and effectively for the achievement of organizational goals 

Controlling: 

A personnel manager has to constantly watch whether there is any deviation from the 
planned path. Controlling is concerned with remedial actions. Continuous monitoring of 
the personnel policies relating to training, labour turnover, wage payments, interviewing 
new and separated employees etc. 

Operative function: The operative functions of the personnel management department are 
also called service functions. These include 

(a) Procurement function 

(b) Development 

(c) Promotion, transfer and termination function 

(d) Compensation function 

(e) Welfare function 

(f) Collective bargaining function 


Fundamentals of Mechanical Engineering BCS QB-181 


40" BCS 
Subject Code: 901 
Full Marks: 200 

Time: 4 hours 

[N.B. Answer any five questions from each part. Figures in right margin indicate full marks] 
Part I 
Marks: 20x 5 = 100 
Marks 

1. (a) State three laws of thermodynamics. 5 
Zeroth Law of Thermodynamics: When two systems are each in thermal equilibrium with 
a third system, then the two systems are also in thermal equilibrium with one another. 
First Law of Thermodynamics: a) The heat and mechanical work are mutually convertible. 
ie. $dQ= fdw 
b) The energy can neither be created nor destroyed Hog it can be transformed from one to 
another form. i.e. 6Q—5W= 5E 
Second Law of Thermodynamics: 
Kelvin-Planck Statement: It is impossible to construct an engine working in a cyclic 
process whose sole purpose is to convert heat energy into an equivalent amount of work. 
Clausius Statement: It is impossible for a self-acting machine working in a cyclic process to 
transfer heat from a body at a lower temperature to a body at a higher temperature without 
the aid of an external agency. 
(b) How will you get the concept of internal energy from the first law of 5 
thermodynamics? 
Answer: The first law of thermodynamics is a statement of the relationship between heat, 
work and energy stored in a system. A common expression of the law is 

Q=AE+W 
Where, Q = heat transferred to system during a process 
W = work transferred from system during a process 
AE = change in internal energy of system during the process 
This equation does not contain an expression for the internal energy E explicitly, but contains 
the change in internal energy. It can be shown that E, the internal energy, is a property of a 
system and varies with the condition or state of the system. If an arbitrary or reference value 
of E is assigned to a particular state, it is possible to determine the values at all other states 
by the application of the above equation. Knowledge of the absolute value of E is not 
required to apply the principle of energy conservation. 
Internal energy may be present in any of a number of kinetic and potential energy forms at 
macroscopic, molecular and atomic levels. For a system composed of a substance of uniform 
chemical composition and excluding kinetic and gravitational potential energy, the first law 
can be expressed as . 

Q=AU+W 
Where, U is, for a pure substance, an expression of internal energy that excludes kinetic and 
gravitational potential energy as well as other energies associated with surface tension 
electrical or magnetic effects. Changes in internal energy U are associated with changes in 
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temperature and changes of phase. Internal energy U is an extensive property in that at any 
given state, it is proportional to the mass of the system. 

We can see that a duality of concepts exists because we cannot define the internal energy 
without accepting the validity of the first law, but at the same time, to express the first law, 
we must postulate the existence of this type of energy. Thus the internal energy and the first 
law of thermodynamics constitute a single concept because they cannot be made independent 
of each other. 

(c) Explain diagrammatically the perpetual motion machine of the second kind. 5 
How does it violate the second law of thermodynamics? 

Answer: Perpetual motion machine of second kind (PMM2) is that imaginary machine 
which would continuously absorb heat from a single thermal reservoir and convert this heat 
completely into work. The efficiency of such a machine would be 100%. 


Perpetual 
motion machine 


Perpetual Motion Machine of the second kind or 100 percent efficient machine which is 
impossible to obtain in actual practice, because no machine can convert whole of the heat 
energy supplied to it, into its equivalent amount of work. 

For the satisfactory operation of a heat engine which is a device used for converting heat 
energy into mechanical work, there should be at least two reservoirs of heat one at a higher 
temperature and the other at a lower temperature. If there is only the high temperature 
reservoir, which is being spontaneously cooled without involving a transfer of heat to a 
cooler reservoir. This conversion of heat into useful work, without any side effect, is 
impossible, according to the second law of thermodynamics. 

Thus, Perpetual Motion Machine of the second kind attempt to violate the second law of 
thermodynamics—namely, that some energy is always lost in converting heat into work. 

(d) 1Kg of ideal gas is heated from 18.3°C to 93.4°C. Assuming R=0.264 KJ/KgK and 5 
y = 1.18 for the gas, find (i) specific heats (ii) changes in internal energy and 


enthalpy. 

Solution: 

Given, m = 1Kg, T, = 18.3°C = 291.3K; T, = 93.4°C = 366.4K, R=0.264 KJ/Kgk, 
y=1.18 

(i) specific heats: 


We get, Cp — Cy = R, > Cy —C, = 0.264 
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Again, C, = yCy 
“ yCy—C, = 0.264 


=>Cy= — = 1.47 (Answer) 


“Cy, = yCy = 1.18 x 1.47 = 1.73 KJ/KgK (Answer) 

(ii) changes in internal energy and enthalpy: 

Change in internal energy, AU = mC,(T, —T,) = 1 x 1.47 x (366.4 — 291.3) = 110.4Kj 

(Answer) 

Change in internal energy, AU = mC,(T2 — T,) = 1 x 1.73 x (366.4 — 291.3) = 130.0KJ 

(Answer) 

2. (a) Differentiate between fire-tube and water tube type boilers. Which type of 7 

boilers is used for power generation and why? 

Water Tube Boiler 

a) The water circulates inside the tubes 
which are surrounded by hot gases 
from the furnace. 

b) It generates steam at a highest 
pressure upto 165bar. 

c) The rate of generation of steam is high 
i.e. upto 450 tonnes per hour. 

d) Fora given power, the floor area 
required for the generation steam is 
less, i.e. about 5 m? per tonne per hour 
of steam generation. 

e) Overall efficiency will economizer is 
upto 90%. 

f) It can be transported and erected 
easily as its various parts can be 


Fire Tube Boiler 

a) The hot gases from the furnace pass 
through the tubes which are 
surrounded by water. 

b) It can generate steam only upto 24.5 
bar. 

c) The rate of generation of steam is high 
i.e. upto 9 tonnes per hour. 

d) For a given power, the floor area 
required for the generation steam is 
less, i.e. about 8 m’per tonne per hour 
of steam generation. 

e) Overall efficiency will economizer is 
upto 75%. 

f) The transportation and erection is 
difficult. 


separated. g) Itcan also cope reasonably with 
g) Itis preferred for widely fluctuating sudden increase in load but for a 
loads. shorter period. 


h) The water does not circulate ina 
definite direction. 

i) The operating cost is less. 

j) The bursting changes are less. 

k) The bursting produces greater risk to 

the damage of the property. 

It is not suitable for large power plants. 

e Water tube boilers are used at power plants because of its high efficiency and high 
steam production rate. 


h) The direction of water circulation is 
well defined. 

i) The operating cost is very high. 

j) The bursting changes are more. 

k) The bursting does not produce any 

destruction to the whole boiler. 
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(b) What are reasons for the explosion of boilers? Suggest some remedial measures 7 
to prevent boiler explosion. 


Answer: Boiler Explosion Causes: 
Boiler explosion occurs not only due to boiler accidents. Many other factors involved in a 
boiler explosion. Some of the main boiler explosion causes are the following: 


Design faults 

Construction faults 

Corrosion 

Unskilled boiler attendant 

Improper water treatment 

Boiler pressure increases from design pressure 
Overheating of tubes due to low water level 
Faulty safety valves and other mountings 


Boiler explosion causes are different in different types of boilers. Some of the main and 
common causes discus here. 


If boiler feed water has acidic properties, then corrosion occurs in shell, plates, and 
stays. In a smoke tube boiler, firebox plates will collapse due to corrosion. 

Grooving in boilerplates decreases the strength of plates. Weak plates also a major 
factor of a boiler explosion. Grooving occurs in the boiler where plates circle is 
improper and expansion and contraction also improper. The mostly grooving fault 
occurs near joints. 

External corrosion also involves in a boiler explosion. Leakage in flanges and tubes 
is the main reason of external corrosion. An excessive amount of sulfur in fuel also 
causes corrosion. This corrosion weakens the plates and results as a boiler explosion. 
External deposition of soot’s also caused corrosion. 

Due to Boiler overheating, plates will burst or collapse. Low water level, improper 
water circulation, and deposition of scales are the major factors of overheating. 
Overheating leads to boiler explosion causes. Lancashire, Marine and Cornish Flu 
collapse due to overheating. Furnace tubes will also collapse. Combustion chambers 
tube pledge and formation of steam packets also occur with the help of overheating 
of boiler. Overall these all factors (overheating) involves an explosion. 

If cold water feed to the overheating tubes than a boiler explosion also occurs due to 
sudden steam generation. 

Boiler over pressurization also a major cause of a boiler explosion. For example, if a 
safety valve overloaded for some reason or faulty seat (defective safety valve) 
increases the chances of explosion. 

Cracks in rivets and joints increase the probability of boiler explosion causes. 
Improper hole punching, improper use of chisel during boilerplates and riveting 
cocking, damages the joints. These damaged joints can also explode the boiler. 
Blustering in boiler tubes also the reason for the explosion. 

In the firebox, improper expansion and contraction between firebox plates and shell 
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plates create strain in stays. Stays break as a result of strain which causes the boiler 
explosion. 
e Failure of rivet joints also the main cause of the boiler explosion. Following are the 

reasons for rivet joint failure: . 

> Sharing of rivets 

>» Plate crack in between rivet line 

> Plate crush in front of rivets 

> Bursting of the plate in front of rivets 

> Cracks in welding joints 

e Defective steam boiler fitting and mountings also involve in the explosion Water-tube 
boiler tubes exploded due to corrosion, pitting and overheating. 

e The gas explosion affects the boiler heating surface very badly. If boiler light up 
without removing unburned gases in the flue gas path, than unburned gases suddenly 
catches the fire and cause the boiler explosion. 

Reference: https://mechanicallyinfo.com/boiler-explosion-causes/ 

Boiler Accident Prevention 

Routine maintenance can generally be done by the boiler operator to avoid these devastating 
accidents. But there are circumstances when a trained professional is needed. These include: 

e Leaking safety and/or safety relief valves 

Contaminated feed water 

Steam leaks (in steam boilers) 

High stack temperatures (exceeding 177° C) 

Insufficient heat for the building 

Condensation dripping down the stack or out of the front of the boiler 

Constant resetting of controllers and safety devices 

Ongoing routine maintenance and inspection is the best way to prevent a boiler 
accident. 

Use a checklist when inspecting a boiler to ensure you’re inspecting it thoroughly. ‘ 
Reference: 


https://www.academia.edu/34971737/Boiler_explosion its causes and effects in Banglade 
sh 


(c) A throttle governed steam engine develops 15 kW with 280 kg per hour of steam 6 
and 35 kW with 520 kg per hour of steam. What will be the steam consumption in 
kg per hour when develop 20 kW power? 
Solution: We get, Steam consumption per hour, m =a+bxI.P 
Where, a & b are constants and I.P is the indicated power. 
280 =at+bx15...0... (i) 
&520 =at+bx 35.0... (ii) 
From equation (i) & (ii) we get,a= 100 & b= 12 
“. Steam consumption when developing 20K W, 
m = 100 + 12 x 20 = 340Kg/h (Answer) 
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3. (a) What is meant by steady state and transient heat conduction? What typical 5 
examples define periodic and non-periodic variation of temperature change? 


Answer: Steady-state heat conduction: 

Itis the form of conduction that happens when the temperature difference(s) driving 
the conduction are constant. 

Transient heat conduction: 

During any period in which temperatures changes in time at any place within an object, the 
mode of thermal energy flow is termed transient conduction. 

Typical examples regarding periodic and non-periodic variation of temperature 
change: 

A thermal boundary condition that frequently arises in natural as well as in engineering 
systems is the periodic change of the temperature of the surrounding medium. The daily and 
seasonal changes of solar radiation on the soil or on buildings, the periodic temperature 
changes in the cylinders of internal combustion engines, the (on-off) temperature control by 
a thermostat, and the periodic heat transfer in a regenerator are examples for this kind of 
boundary condition. 

Changes such as freezing of water, falling of leaves from trees and landslides during the 
rainy season are non-periodic changes. 

(b) State Stefan Boltmzman law, Kirchhoffi’s law and Wein’s law of heat transfer? 5 


Answer: 
Stefan—Boltzmann law: , 
The radiation energy emitted by a blackbody per unit time and per unit surface area was 
determined experimentally by Joseph Stefan in 1879 and expressed as 

E,(T) = oT* W/m? 
This equation is known as the Stefan—Boltzmann law. 
Kirchhoff’s law: 
It states that the emissivity and the absorptivity of a surface at a given temperature and 
wavelength are equal. 

a(A) = e(A) 


Wien's displacement law: 

It states that the black body radiation curve for different temperatures will peak at different 
wavelengths that are inversely proportional to the temperature. 

(c) An electric cable of aluminum conductor (K,=240W/m°C) is to be insulated with 6 
rubber rubber (k = 0.15 W/m°C). The cable is to be located in air (h = 6 W/m?°C). 
What is the critical thickness of insulation? 


Solution: For cylindrical pipe, the critical radius of insulation is given by 
ro= = = = = 0.025m = 25mm (Answer) 
‘oO 
(d) Two infinite black plates at 800°C and 300°C exchange heat by radiation. 4 


Calculate the heat transfer per unit area. 
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Solution: 


Infinite plate: T,,.= 300°C; blackbody (€=1) 


infinite plate: T,= 800°C; blackbady (E=1) 


Ts=g00 °C=(800+273.15) k=1073.15 k 
Tsur=300 °C=(300+273.15) K=573.15k _ 
From Stephan-Boltzmann law q| = eo( T;* — Tsyr*) 
NA: q = 1x 5.67 x 1078(1073.154 — 573.154) W/m? 
=> q = 69082 W/m? = 69.082 kW/m? (Answer) 
4. (a) Draw the layout of a vapor compression refrigeration system. Using p-h and 6 
T-s diagrams describe its working principle. 


Answer: See at “Fundamentals of Mechanical Engineering Vol.1, chapter-6” 


(b) Sketch a pilot tube and explain how it is used to measure the velocity of a 5 
flowing fluid. 

Answer: 

Pitot tube can be used to measure fluid flow velocity and dynamic pressure difference. A 
pitot tube is measuring velocity of flow. 

Pitot tube is based on principle of conservation of kinetic head into pressure head. The point 
at which velocity reduces zero is called stagnation point. 

Velocity head is indicated by the difference in liquid level between the pitot tube and the 
piezometer. The pitot tube measure the total head and therefore known as total head tube. 


Total 


Head (ha) 


Where, h, = static head; hz = total head 
Pa = Patm + hipg and Pg = Patm + hapg 
Applying Bernoulli's equation, 
Py Va" Py Vp" 
. Y & 

Py Va" _ Pp 
=>—+——=— ;[Vp=90;Z2Z, =Z 

ft ag Ty Mon Ot = 
& Va" be: pg(hz — h,) 


2g pg 
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(c) Define Reynolds number and Mach number. Explain their physical significance 5 
in the analysis of fluid flow problems. 


Answer: See at “Fundamentals of Mechanical Engineering Vol.1, chapter-4” 
(d) Specific gravity of oil is 0.95 and viscosity 0.011 poise. What is the kinematic 4 
viscosity in stoke? 
Solution: 
Given: specific gravity=0.95 and viscosity= 0.011 poise. 
Density of fluid (p) = 0.95 x 1000 = 950 kg/m? 
Dynamic viscosity(4) = 0.011 poise = 0.1 x 0.011 = 0.0011 NS/m? 
“. Kinematic viscosity, v = . 


= 0.0011 = -6 2 
gee 1.158 x 107° m*/s 


= 1.158 x 1076 x 104 

= 0.01158 stokes (Answer) 

5. (a) If a centrifugal pump does not deliver any water when started what may be 4 
the possible causes and how can they be remedied? 


Cures 
1. Lack of prime i and suction pipe completely with liqui 


2. Loss of prime Check for leaks in suction pipe joints and fittings; vent 
casing to remove accumulated air. 


3. Suction lift too high If no obstruction at inlet, check for pipe friction losses. 
However, static lift may be too great. Measure with 
mercury column or vacuum gauge while pump operates. 
If static lift is too high, liquid to be pumped must be 
raised or pump lowered. 


Check pipe friction losses. Larger discharge piping may 
high correct condition. Check that valves are wide open. 
5. Speed too low Check whether motor is directly across-the-line and 
- receiving full voltage. Alternatively, frequency may be 
too low; motor may have an open phase. 
Check motor rotation with directional arrow on pump 
casing. Wrong rotation will cause pump damage. 
Dismantle pump or use piping hand hole to clean 
plugged impeller. 
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(b) Compare impulse and reaction turbines. What is steam turbine staging? 

1. Pressure drops takes place in nozzle only | 1. Pressure drop takes place in both fixed 
and pressure remains constant in moving blades and moving blades. Thus pressure 
blades. values is different on the two sides of the 
moving blades. 

2. Blade shape is aerofoil type and its 
manufacturing is difficult. 


2. Blade shape is profile type and its 
manufacturing cost is simple. 


3. Blade passage is of variable cross- 
sectional area due to expansion. 


3. Blade passage is of constant cross- 
sectional area since there is no expansion. 


4. Because of small pressure drop in each 
stage, the number of stage are larger for 
same pressure drop. 


4, Because of large pressure drop in 
nozzle ,the number of stage are less. 


5. Because of large pressure drop, the blade 
speed and steam speed are larger. 


5. Because of small pressure drop, the blade 
speed and steam speed are small. 


6. Overall friction losses are more compared 
to leakage losses. 


6. Leakage losses are more compared to 
friction loss. 
7. Occupies more space per unit power. 


7. Occupies less space per unit power. 


8. Suitable for small power. 8. Suitable for medium and large power. 


Steam turbine staging: staging is basically stacking a group of turbines one after the 
other so that the steam gives up only part of its energy at each unit, or stage. 


(c) What is ‘Cavitation’ in hydraulic machines? How can cavitation in reaction 5 
turbines be avoided? 


Cavitation in hydraulic machine: “Fundamentals of Mechanical Engineering Vol.1, 
chapter-3” 

Reasons to avoid cavitation in reaction turbine: The cavitation in reaction turbines can be 
avoided to a great extent by using the following methods: 
(a) By installing the turbine below the tail race level. 

(b) By using stainless steel runner of the turbine. 

(c) By providing highly polished blades to the runner. 

(d) By running the turbine runner to the designed speed. 
(d) A hydraulic turbine develops 1OMW under a head of 25m at 135rpm. What is its 5 
specific speed and what type of turbine is it? 
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Solution: Given; P=10MW=10000kw; H=25m; N=135rpm; specific speed, N,=? . 


_135xv(10000) 

Ns 25°/4 

N,=241.495= 242 So it is francis turbine. (Answer) 

6. (a) Differentiate between (i) Statics and Dynamics (ii) Kinetics and Kinematics 6 
(iii) Beam and Column. 


| (Statics | Cynics 


Statics is the branch of Engineering | Dynamics is the branch of Engineering 
Mechanics which deals with the forces | Mechanics which deals with the forces 
and their effect, while acting upon the | and their effects, while acting upon the 
bodies at rest. bodies in motion. ; 
It is the branch of Dynamics, which | It is the branch of Dynamics, which 
deals with the bodies in motion due to | deals with the bodies in motion without 
the application of forces. taking into account the forces which are 
responsible for the motion. 
Answer: see at “Fundamentals of Mechanical Engineering vol.1, Chapter-7”; 
(b) Draw and label stress-strain diagram of Mild steel under tensile test. 6 
Answer: see at “Fundamentals of Mechanical Engineering vol.1, Chapter-7”; 
(c) A cylinder hole of 50mm diameter is cut out from a circular disc of 100mm _ 8 
diameter as shown in figure. What is the center of gravity of the section? 


Solution: 

Given; D = 100mm = 0.1m, d = 50mm = 0.05m 

This figure is symmetrical about x-axis, hence y = 0 
uD? 3.1416x0.1? 


Now A, = == = SERA = 0.007854m? 
md? 3.1416 x 0.05? 
A, = = = 0.0019635m? 


A= A, — A; = 0.0058905 
X, = 0.05m and xz = 0.1 — 0.025 = 0.075m 
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Aix; — AoX (0.007854 x 0.05) — (0.0019635 x 0.075) 


QS __—_ = 0.04167 
eae ae (0.007854 — 0.0019635) _ 
= 41.67mm (Answer) 
7. (a) Define different types of beams with examples. 5 


Answer: Following are the different types of beam: 
1. Cantilever beam: A beam fixed at one end and free at other end is known as cantilever 
beam. Example- Cantilever bridge 
2. Stmply supported beam: a beam supported at its both ends known as simply supported 
beam. Example- bed of machine tools 
3. Overhanging beam: A beam having its end portion extended beyond the support is 
known as overhanging beam. A beam may be overhanging on one side or both side. 
Example- A balcony which is being extended from a frame structure 
4. Fixed beam: A beam, whose both ends are fixed is known as fixed beam. Example- 
Continuous beam: A beam supported on more than two supports is known as continuous 
beam. Example- Uniform girder bridge. 
(b) What is meant by beam deflection? What are the possible methods of 5 
determining beam deflection? . 
Answer: 
Beam deflection: Beam deflection means the state of deformation of a beam from its original 
shape under the work of a force or load or weight 
Following are the different possible methods of determining beam deflection- 
1. Double integration method 
2. Theorems of area moment method 
Moment diagrams by part. 
(c) Two fined beams A and B are shown in figure. Calculate the ratio of maximum 1 
deflection of beam ‘A’ to maximum deflection of beam ‘B’. Make necessary 0 
assumptions. 
Answer: 


weunit length 


We know that oe moment at any section X, at a distance x from A. 
_ = wx? wi? 
Ms WG ea) ae 


» Ee =(.x- ey pe (i) 


dx? 
Integrating the above: equation, 
wix? wx wi? 4 Cy 


pe =" 


Where, C, is the is constant of integration. We know that when x=0, then = = 0: 
Therefore, C, = 0. 


BCS QB-192 Fundamentals of Mechanical Engineering 


_ wix? wx? wl?x 
dx 4 4 12 
Now integrating the equation (11) once again, 
wix3 wx* — wi?x? 
+ C, 


ELy =—-——- 
12 
Where, Cz is the second constant of integration. We know that when x=0, then y = 0. 


24 24 
Therefore, C, = 0. 
3 4 2 
Bly ei es (iii) 


12 24 24 
We know that the maximum deflection occurs at the centre of the beam. Therefore 


substituting x=1/2 in the above equation, 


4 2 4 
EL. Yoo = “o? -“6) - 6) = -~ [Minus sign means that the deflection is 
downwards] 
_ wit 
OF; Vac = 3ea6i 


From the geometry of the figure, we find that the points of contraflexure will be at a distance 
of 1/4 from both the ends of the beam. 
We know that bending moment at any section X, at a distance x from A, 


My = bx — Hy 


Integrating the above equation, 
dy _ Wx? Wix 


Where, C, is the first constant of integration. We know that when x=0, then = =:(0} 
Therefore, C, = 0. 

ay _ Wa? wix i 
Be 1 ar Peer (ii) 
This is the required equation for the slope of the beam at any section. 
Now integrating the equation (ii) once again, 

wx3  Wix? 
Ely =~ +¢, 
Where, C2 is the second constant of integration. We know that when x=0, then y = 0. 
Therefore, C, = 0. 

3 2 

or, ELly=-., (iii) 
This is the required equation for the deflection of the beam at any section. We know that the 


maximum deflection occurs at the centre of the beam. Therefore substituting x=I/2 in the 
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above equation, 


2 3 
_ Wily w (#) _ _wi 
El-Ync = 35 G) gel) 83 
wi3 : : ae 
Or, Voc = — —— [Minus sign means that the deflection is downwards] 
be 192EI 
. _ we 
” Voc = Foani 


The term EI is known as flexural rigidity. 


wit 
W =—— = 
eget, Yac = seagr and Ype 192EI 


Yac — 1 (Answer) 
be 2 


° 
oe 


y 


we 


Part Il 
Marks 20x5=100 


8. (a) Mention some of the mechanical power transmission equipment with their 7 
relative advantages and disadvantages. 

Answer: Belt technology: It is one of the most common devices. Belt drives are used to 

transmit motion from one shaft to another with the help of a thin inextensible band that runs 

over two pulleys. Advantages and disadvantages of belt technology is given below. 


Advantages 


Oy eS 


Belt drives are cost-effective. New belt drive efficiency can be up to 95-98 percent 
They are simple to use 

Belt drives do not require parallel shaft 

They have a low maintenance cost 

They come with overload and jam protection 

Different speeds can be obtained. by means of step or tapered pulleys 

When the distance between shafts is very large, belt drives are the most economical 
options 

Damp out noise and vibration 

Load fluctuations are shock-absorbed, increasing the machinery life 


10. Clutch action can be activated by releasing belt tension 
Disadvantages 


Belt drives are not compact 

Limited speed of around 35 meters per second 

Compared to other mode power transmission, they have a short life service 

Typically, its operating temperatures are restricted to -35 to 85°C . 

Angular velocity of belt drives isn’t constant. This leads to stretching, slipping, and 
wearing of belt 

It has limited power transmission of up to 370 kW, which increases the heat build-up 
Belt drives usually inflict a heavy load on shafts and bearings 

For wearing and stretching compensation, they additionally need an idler pulley or 
some adjustment of center distance 

The velocity ratio varies because of belt slip 
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Chain Technology: chain drives come with an endless series of chain links with a net of 
toothed sprockets. Unlike belt drives, there is no slip in chain technology. However, they are 
mostly suited for small centre distances 
Advantages 
Positive drives with no slip or creep 
Unlike belt drives, angular velocity remains constant in chain drives 
High-velocity ratio of up to 8:1 
It allows high speed ratio of 8 to 10 in one single step 
Highly efficient, chain drives gives the advantage of more power compared to belts 
It can be used for both small and large center distances 
Chain drives have low maintenance cost 
They give a high transmission efficiency of up to 98 percent 
They can operate even in wet conditions 
10. More compact and are easy to install compared to belt drive 
11. Chain drives do not deteriorate due to sunlight, oil, grease, or age 
12. Lower load on shaft than belt drives 
Disadvantages 
The initial cost of installation is higher than belt 
The production cost is also relatively higher 
Chain drives need regular lubrication 
Driving and driven shafts must be perfectly aligned and parallel 
They can have velocity fluctuations when unduly stretched 
Not suitable for applications where it is necessary for the drive to slip 
Chain drives are noisy and can also cause vibrations 
They have lower load capacity and service life compared to gear drives 


CRN DAAWH 


SSA ea 


Gear Technology: In the world of mechanical power transmission, gear drives have a very 
special and prominent place. This is the most preferred technology when it is needed to 
transmit considerable power over a short distance with a constant velocity ratio. The 
mechanism of gear drives is quite simple — the teeth, which are cut on the blanks of the gear 
wheel, mesh with each other to transmit power. 
Advantages 

1. They are positive and non-slip drives 

2. Large and constant velocity ratio of 60:1 can be obtained by using gear trains with 

minimum space 

3. Gear drives are mechanically strong, allowing scopes for lifting higher loads 

4. Longer service life compared to both belt and chain drives 

5. They can transmit large power 

6. Gear drives have high transmission efficiency 

7. They can transmit motion over small centre distance of shafts 

8. These drives are ideal for low, medium, high power transmission 

9. Gears can transmit motion even between non-parallel intersecting shafts 

10. These are the most compact compared to belt and chain drives 
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Disadvantages 
1. Gear drives cannot be used for shafts with large center distances 


2. They are not ideal for large velocities 

3. These drives require regular lubrication and a more complicated process of applying 
it 

Noise and vibrations are increased at a high speed 

They are less economical compared to belt and chain drives 

Using multiple gears increase the machine’s overall weight 

They have no flexibility 

. Not suitable for transmitting motion over a large distance 

Some part of the machine can get permanently damaged because of the toothed wheel of 
gears. This is more common in case of excessive loading 

(b) A fixed gear having 200teeth is in mesh with another gear having 50teeth. The 7 
two gears are connected by an arm. Calculate the number of turns made by the 
smaller gear for one revolution of the arm about the centre of the bigger gear. 

Solution: 


ON AAR 


Total revolution by gear B 


= 1+74= 1+ = 1+4=5 (Answer) 
(c) Discuss the term under-damping, critical damping and over damping. _ 6 
Answer: 


MALE CLLELILEL LL 


Spring aa 
Mean position 4--~ ~_ a sae aa a 
X & : 
sxf ¢ ae x 
Position after ---1...--.7.5--, i 


met 22 ee 
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Let, m= mass of suspended from the spring 
s= stiffness of the spring . 
x= displacement of mass from the mean position at time t 
5= static deflection of the spring 
c= damping coefficient 
Damping force on the mass acting in opposite direction to the motion of mass 
dx 
=CX at 
Accelerating force on the mass, acting along the motion of the mass 


And spring force on the mass, acting in opposite direction of the mass 
SXxX 


Therefore the equation of motion becomes, 
2 


or,-—> x— 

dt? m dt 

This is the differential equation of second order . Assuming a solution of the form x = e 
where k is a constant to be determined, now the above equation reduces to 


2 Cc Ss 
KP +X KAO oes ow  (1) 


kt 


poe, eye* ; 


The most general solution of the differential equation (1) with its right hand side equal to 
zero has only complementary function it has given by 
x = C,e + Cretke 
If GC) > = then the roots k; and k» are real but negative. This is a case of overdamping. 
If ) < = Then the radical becomes negative. This is a case of underdamping 
If (—)” = = Then this is a case of critical damping. 
9. (a) What are the effects of gyroscopic couple on an aeroplane and a naval ship? 4 
Answer: See 38" BCS, part-II, 8.b. 
(b) A vibrating system consistis of a mass of 200Kg, a spring of stiffness 80N/mm 8 
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and a damper with a damping coefficient of 800N/m/s. Determine the frequency of 
vibration of the system. 

Solution: Given: m= 200 kg ; k = 80 N/mm = 80 x 103 N/m; c = 800 N/m/s 

We know the circular frequency of undamped vibrations, 


k 80% 10" 2 55 d/ 
On = a 00. rad/s 


And circular frequency of damped vibrations, 
Wg = V1— wy 
Where, § = C/C,, and C, = 2m | = 2vkm = 2mw, 


Wq = J/1—& w, = 19.9 rad/s 

Frequency of vibration of the system, 

fg = Wqg/2T = 19.9/2n = 3.17 Hz (Answer) 

(c) A shaft has two heavy rotors mounted on it. The transverse natural frequencies, 8 
considering each of the rotors separately, are 100Hz and 200Hz respectively. What 

is the lowest critical speed of the shaft? 


Solution: Let f,, be the transverse natural frequency considering both rotors, 
1 | 
ro ial A 


a. 1 

> #2 = Too * 2002 

f, = 89.44 rps = critical speed = whirling speed 
=89.44 x 60 = 5367 rpm. (Answer) 

10. (a) Why is spark advance done in an SI engine? What are the effects of spark 8 
advance in an SI engine when it is done in, (i) over-advanced, (ii) normally 
advanced and (iii) retarded, fashion? 

Answer: Spark Advance: Spark advance is a mechanism in which the spark is generated by 
the spark plug before the piston ends the compression stroke and reaches TDC. This is done 
to compensate with the chemical delay that takes place in a SI engine. The ignition timing 
needs to be increasingly advanced (relative to the TDC) as the engine speed increases, so that 
the air-fuel mixture has the correct amount of time to burn completely. As the engine speed 
increases, the time available to burn the mixture decreases while the burning itself proceeds 
at the same speed; this requires the burning to start earlier to complete in time. The correct 
timing advance for a given engine speed will allow for maximum cylinder pressure to be 
achieved at the correct crankshaft angular position. 

Effects of spark advance: Timing advance is necessary because it takes time for the 

combustion of the air-fuel mixture to complete. Igniting the mixture before the piston ends its 

compression stroke would maximize the limit to which the mixture burns completely, and 
hence help to build up maximum pressure soon after the piston reaches the TDC. This would 
ensure maximum power output by maximizing the force with which the piston is pushed 
down, by maximizing the pressure as soon as the piston starts going down when the power 
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stroke is initiated. Ideally, the mixture should be completely burnt by 20° ATDC (after 
TDC). 

Over advanced: If ignition timing is too far advanced, it will cause the fuel and air mixture 
to ignite too early in the combustion cycle. This can cause the amount of heat generated by 
the combustion process to increase and lead to overheating of the engine. If the timing is 
advanced too far, it will cause an Engine Knock. 

Normally advanced: Normally ignition starts 20 to 30 degree before the TDC. It ensures 
enough time for the air fuel mixture to burn properly. 

Retarded ignition timing: Retarded timing can be defined as changing the timing so that 
fuel ignition happens later than the manufacturer's specified time. For example, if the timing 
specified by the manufacturer was set at 12 degrees before TDC initially and adjusted to 11 
degrees before TDC, it would be referred to as retarded. If the ignition is too retarded relative 
to the piston position, the maximum cylinder pressure will occur after the piston has already 
travelled too far down the cylinder. This would result in lost power accompanied by high 
emissions and unburnt fuel. 

(b) What are the major sources of renewable energy? Discuss their status in 7 
Bangladesh. 

Answer: See 34" BCS second paper, 5.a 

(c) What are the effects of the variable load on the power plant design application? 5 
Answer: The variable load problem affects power plant design and operation and the cost of 
generation. To supply variable load a careful study of load duration curve is needed. This 
will help to decide the capacity of base load plant and peak load plant. The base load plant 
should be run at high load factor. The peak load plant should be of as small capacity as 
possible to reduce cost per kilowatt hour (kWh). Economical load sharing between base load 
plant and peak load plant is desirable. Steam power plants and nuclear power are preferred as 
base load plants whereas diesel power plant and hydro power plant can be used as peak load 
plant. Hydro power plant with larger water storage can also be used as base load plant. If the 
whole of load is to be supplied by the same power plant then the prime movers ‘and 
generators should act fairly quickly and take up or shed load without variation of the voltage 
or frequency of the system. An important requirement is therefore the contro] of supply of 
fuel to the prime mover by the action of governor. The equipment to be used for variable load 
conditions should be so designed that it operates at lower loads with nearly same efficiency 
as at full load. The size of the generators should be so chosen as to suit and fit into the 
portions of the predicted load curve. If the load conditions differ too much from the ideal the 
cost of energy increases. 

11. (a) Compare forced convection with free convection using suitable examples. 5 
Why is natural convection so important despite having low rate of heat transfer? 
Solution: In forced convection the fluid is forced to move by external means such as a fan, 

pump, or the wind. The fluid motion in natural convection is due to buoyancy effects only. 

Example of natural convection : The formation of land and sea breeze is one of the classic 
examples of convection. The Sun heats up both land and sea surface during the day. But 
since the land has less heat-absorbing capacity than the sea, its surface temperature increases, 
heating up the air around it. The warm (less dense) air begins to rise, and low pressure is 
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created. 

At the same time, a high-pressure area develops (with cold, dense air) over the top of the sea. 
Due to the difference in pressure, air flows from the sea to the land, and the cold air that 
comes along is called a sea breeze. 

The process gets reversed during the night. The land cools down quicker than the sea, 
decreasing the air temperature around it and creating a high-pressure situation. Now the cold 
air flows from the land to the sea, and this is what we call the land breeze. 

In both cases, the heat transfers through air molecules. 

Example of forced convection: Everyday examples of forced convection can be seen with 
air conditioning, central heating, cooling hot food with fan, a car radiator using fluid, or a 
convection oven. 

Importance of natural convection: The temperature of the air adjacent to the hot object is 
higher, thus its density is lower. As a result, the heated air rises. This movement is called the 
natural convection current. the heat transfer that is enhanced as a result of this natural 
convection current is called natural convection heat transfer.In general, a free convection heat 
transfer is usually much smaller than a forced convection heat transfer. It is therefore 
important only when no external flow exists. 

(b) Draw and explain the free convection boundary layer over a heated vertical 5 


plate. 
Answer: 
Answer: The thickness of the boundary layer Tee 
increases in the flow direction. Fluid velocity is zero ce 
at the outer edge of the velocity boundary layer and at Pi NS pene 
the surface of the plate. pio 


At the surface, the fluid temperature is equal to the 

plate temperature. In the case of cold surfaces, the sed 
shape of the velocity and temperature profiles 

remains the same but their direction is reversed. 

In the figure, a typical velocity and temperature 

profiles for natural convection over a hot vertical 

plate at temperature Ts inserted in a fluid at 
temperature Too, 


(c) Define human comfort. List the major equipment used in a central air- 5 
conditioning system. 

Answer: Human thermal comfort is defined as a condition of mind, which expresses 
satisfaction with the surrounding environment. High temperatures and humidity provide 
discomfort sensations and sometimes heat stress (i.e., reducing the body's ability to cool 
itself). 
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In a central hydronic air conditioning system, air is cooled or heated by coils filled with 
chilled or hot water distributed from a central cooling or heating plant. It is mostly applied to 
large-area buildings with many zones of conditioned space or to separate buildings. A central 
air conditioning system consists of an air system, a water system, a central heating/cooling 
plant, and a control system. 
Air System: An air system is sometimes called the air-handling system. The function of an 
air system is to condition, to transport, to distribute the conditioned, recirculating, outdoor, 
and exhaust air, and to control the indoor environment according to requirements. 
The major components of an air system are the air-handling units, supply/return ductwork, 
fan-powered boxes, space diffusion devices, and exhaust systems. 
Water System: The water system includes chilled and hot water systems, chilled and hot 
water pumps, condenser water system, and condenser water pumps. The purpose of the water 
system is to transport chilled water and hot water from the central plant to the air-handling 
units, fan-coil units, and fanpowered boxes and to transport the condenser water from the 
cooling tower, well water, or other sources to the condenser inside the central plant. 
Central Plant: The refrigeration system in a central plant is usually in the form of a chiller 
package. Chiller packages cool the chilled water and act as a cold source in the central 
hydronic system. The boiler plant, consisting of boilers and accessories, is the heat source of 
the heating system. Either hot water is heated or steam is generated in the boilers. 
Control System : Modern air conditioning control systems for the air and water systems and 
for the central plant consist of electronic sensors, microprocessor-operated and -controlled 
modules that can analyze and perform calculations from both digital and analog input signals, 
i.e., in the form of a continuous variable. Control systems using digital signals compatible 
with the microprocessor are called direct digital control (DDC) systems. Outputs from the 
control modules often actuate dampers, valves, and relays by means of pneumatic actuators 
in large buildings and by means of electric actuators for small projects. 
(d) Mention. different sources of heat to be considered for the calculation of cooling 5 
load for any building for summer air conditioning. : 
Solutions: Different sources of heat are to be considered for the calculation of cooling load 
for any building for summer air conditioning. 
1. Heat leakage through the fabric by conduction from warmer surroundings. 
2. Heat gain by radiation through transparent surfaces — usually solar but occasionally by 
other means (radiant heat from a process, such as furnaces). . 
3. Heat gain by forced or natural convection — air infiltration and fresh air supply — sensible 
and latent heat. 
4, Internal heat sources — lights, people, machines, etc. — sensible and latent heat. 
12.(a) What is work sampling? What measures can be taken to ensure 7 
representative work sample in work sampling? 
Answer: Work sampling is the statistical technique used for determining the proportion of 
time spent by workers in various defined categories of activity (e.g. setting up a machine, 
assembling two parts, idle etc.). It is as important as all other statistical techniques because it 
permits quick analysis, recognition, and enhancement of job responsibilities, tasks, 
performance competencies, and organizational work flows. Other names used for it are 


Fundamentals of Mechanical Engineering BCS QB-201 


‘activity sampling’, 'occurrence sampling’, and ‘ratio delay study’. 

In a work sampling study, a large number of observations are made of the workers over an 
extended period of time. For statistical accuracy, the observations must be taken at random 
times during the period of study, and the period must be representative of the types of 
activities performed by the subjects. 

One important usage of the work sampling technique is the determination of the standard 
time for a manual manufacturing task. Similar techniques for calculating the standard time 
are time study, standard data, and predetermined motion time systems. 

Measures to ensure representative sampling: 

Researchers use two methods to build representative samples — Probability sampling and 
non-probability sampling. 

1. Probability sampling: Probability sampling is a technique in which a researcher chooses a 
sample from a larger population using a method based on the probability theory. For a 
participant to be considered a probability sample, he/she must be selected using a random 
selection. 

If we will use probability sampling to obtain a representative sample, then simple random 
sampling is the best choice. The sample choice is made at random, which guarantees that 
each member of the population will have the same probability of selection and inclusion in 
the sample group. 

2. Non-probability sampling: Non-probability sampling is a sampling technique in which the 
researcher selects samples based on the researcher’s subjective judgment rather than random 
selection. In non-probability sampling, not all population members have a chance of 
participating in the study, unlike probability sampling, where each member of the population 
has a known chance of being selected. 

Knowing the selected sample’s demographic characteristics will undoubtedly help limit the 
profile of the desired sample and define the variables that interest us, such as gender, age, 
place of residence, etc. By knowing these criteria, before obtaining the information, we can 
have the control to create a representative sample that is efficient. We must avoid having a 
sample that does not reflect the target population. The idea is to have the most accurate data 
possible for our project’s success. 

(b) What is a control chart? How is the lack of control indicated on a control chart? 7 
Answer: The control chart is a graph used to study how a process changes over time. Data 
are plotted in time order. A control chart always has a central line for the average, an upper 
line for the upper control limit, and a lower line for the lower control limit. These lines are 
determined from historical data. By comparing current data to these lines, you can draw 
conclusions about whether the process variation is consistent (in control) or is unpredictable 
(out of control, affected by special causes of variation). 

Control charts can indicate problems with the process when assignable causes exist in the 
system. The process with assignable causes is said "out-of-control". In this case, some data 
points for the control charts will be out of the control limits. In other words, if any 
measurement or test data is outside the control limits, we will know that something wrong 
exists in the process. Definitely, it is the time to take corrective actions. 

(c) For a small-scale industry, the fixed cost per month is Taka 7000, the variable cost per 6 
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product is Taka 25 and selling price is Taka 35 per product. What is the break-evevn 
production volume per month? 


Solution: 
Here, 
Break even volume, Q = Pov F = Fixed Cost 
_ 7000 P = Sales price per unit 
~ 35—25 V= Variable cost per unit 
= 700 
13. (a) What is continuous costing and what advantages does it offer? 4 


Continuous casting: Continuous casting allows metals and alloys to be stretched, shaped 
and solidified without the need for an interruption, reducing waste while improving yield, 
cost efficiency, and quality. 
Advantages 
The process is cheaper 
Casting surfaces is better 
Grain size and structure of the casting can be easily controlled 
High production rate 
Process is automatic 
6. Product has good consistent soundness 
Mechanical properties are high and reproducible 
(b) How do brazing and braze welding differ and how are they alike? How do they 4 
differ from welding and soldering? 
Answer: Difference between brazing and braze welding is given below: 


Brazing . Braze Welding 


In brazing the filler metal is drawn into a|In braze welding the filler metal is 
tight-fitting joint by capillary attraction deposited in the joint by other than capillary 
attraction 


Brazing is with filler material, the base | Braze welding is between both; often is it 
material is not luiquified unterstood to melt just one joining partner 
and braze it to an other one with or without 
filler material 
Similarities: Similar to welding, brazing creates a mechanical connection between to metal 
parts. Filler metal has melting point above 450°C. 
Difference between welding and soldering is given below: 

Welding 
Base metal fused 
High temperature, high power 
High distortion 
High stresses in joint 
Microstructure of base metal changes 
Dissimilar metals difficult to joint 
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High strength of joint 

(c) What are thermometry and pyrometry? Enlist some instruments of high 6 
temperature measurement and control. 
Answer: Thermometry: The branch of heat relating to the measurement of temperature of a 
body is called thermometry. 
Pyrometry: Pyrometry is the process of measuring the temperature of an object by gauging 
its infrared radiation and is usually assumed to refer to operations under high-temperature 
conditions. An instrument called a pyrometer, which is a type of thermometer, is used for this 
process. A pyrometer in which high temperatures are judged by comparing the colour of a 
hot object with a reference colour scale. 
Some instruments of high temperature measurement and control is enlisted below 
Pyrometer 
Thermocouples. 
Thermistors. 
Resistance temperature detector (RTD) 
Infrared thermometer 
6. Langmuir probes (for electron temperature of a plasma) 
(d) What is an LVDT? How can this be used to measure the displacement of an 6 
object? 
Answer: An LVDT (linear variable differential transformer) is an electromechanical sensor 
used to convert mechanical motion or vibrations, specifically rectilinear motion, into a 
variable electrical current, voltage or electric signals, and the reverse. Actuating mechanisms 
used primarily for automatic control systems or as mechanical motion sensors in 
measurement technologies. 
Way of measuring displacement of an object: 
An LVDT measures displacement by associating a specific signal value for any given 
position of the core. This association of a signal value to a position occurs through 
electromagnetic coupling of an AC excitation signal on the primary winding to the core and 
back to the secondary windings. The position of the core determines how tightly the signal of 
the primary coil is coupled to each of the secondary coils. The two secondary coils are series- 
opposed, which means wound in series but in opposite directions. This results in the two 
signals on each secondary being 180 deg out of phase. Therefore phase of the output signal 
determines direction and its amplitude, distance 

14. (a) State and explain the steps that should be taken in setting up an organization. 6 

Answer: Steps for setting up an organization are: 

1. Clearly defined objectives: The first step in developing an organizational structure is to 
lay down its objectives in very clear terms. This will help in determining the type and 
basic characteristics of the organization; organization activities are detailed in terms of 
objectives to be achieved. 

2. Determining activities: In order to achieve the objectives of the enterprise, certain 

activities are necessary. The activities will depend upon the nature and size of the 

enterprise. Each major activities is divided into smaller parts. 
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. Assigning duties: The individual groups of activities are then allotted to different 


individuals according to their ability and aptitude. The responsibility of every individual 
should be defined clearly to avoid duplication and overlapping of effort. Each person is 
given a specific job suited to him and he is made responsible for its execution. Right man 
is put on the right job. 

Delegating authority: Every individual is given the authority necessary to perform the 
assigned activity effectively. By authority we mean power to take decisions, issue 
instructions, guiding the subordinates, supervise and control them. Authority delegated to 
a person should commensurate with his responsibility. An individual cannot perform his 
job without the necessary authority or power. Authority flows from top to bottom and 
responsibility from bottom to top. 

Co-ordinating activities: The activities and efforts of different individuals are then 
synchronized. Such co-ordination is necessary to ensure effective performance of 
specialized functions. Inter-relationship between different jobs and individuals are clearly 
defined so that everybody knows from whom he has to take orders and to whom he is 
answerable. 

Providing physical facilities and right environment: The success of an organization 
depends upon the provision of proper physical facilities and right environment. Whereas 
it is important to have right persons on right jobs, it is equally important to have right 
working environment. This is necessary for the smooth running and the prosperity of the 
enterprise. 

Establishment of structural relationship for overall control: It is very essential to 
establish well defined clear-cut structural relationships among individuals and groups. 
This will ensure overall control over the working of all departments and their coordinated 
direction towards the achievement of pre-determined goals of business. 


(b) What is meant by management? How does it differ from administration? 5 
Answer: Management: Management is a process of planning, decision making, organizing, 
leading, motivation and controlling the human resources, financial, physical, and information 
resources of an organization to reach its goals efficiently and effectively. 

Management differ from administation: 


e Management consists of actions and plans whereby administration entails 
setting objectives and policies. 

e Management aims at managing not only people but also their work. Whereas 
Administration focuses on how best the resources of an organization can be 
utilized. 

e Administration typically has a role in all management decisions, whereas not al] 
administrative decisions require the input of management. 

e Administration is focused on setting and creating policies and procedures. 
Management however is more likely to deal with the broader functions of an 
organization and how tasks are executed. 


e Administrative functions typically are more defined, whereas how managers act 
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and operate in an organization can differ person to person. 


e The management style of an organization can also change with the removal or 
installation of a new Manager/Leader. Administrative policies or procedures 
however are slower to change and may remain in place for many generations of 
management. 


e The administrative functions of a business can often be guided or influenced by 
legislation or law. Whereas how a manager chooses to guide or lead their team 
is often a function of their experience and the company culture. 


These are some of the core differences between management and administration. 

(c) What should determine the span of control in organizational design? 5 
Answer: The span of control determines the level of interaculons and responsibilities 
associated with employees and managers. The process is used to determine the management 
style and it also defines roles within the organization. The importance of span of control and 
its concepts are relative to productivity in the workplace by determining the number of 
employees that fall under each individual manager. 

(d) Name the basic sub-functions of personnel management and discuss them. 5 
Answer: Sub-functions of personnel management are: 

1. Organizational planning and development: Planning is essentially concerned with the 
distribution or allocation of varoius jobs to be performed intomanageable and 
effective or efficient well-integrated departments units or divisions or positions, 
exercising effective supervison and control. 

2. Employment: This includes man power planning, recruitment, selection, placement, 
induction etc. Man power planning is the process of analysing the existing and 
potential future vacancies in various departments.Recruitment is the process of 
attracting or acquiring qualified and competent personnels for various jobs and study 
of the labour market, identifying existing sources and developing new sources of man 
power supply. : 

3. Tranning and development personnel: This includes the building and implementation 
of varous tranning and development programmes for employees at all levels in the 
organization, with a view to incrtease their skill and efficiency necessary for effective 
contribution towards the accomplishment of organizational objectives. 

4. Wage and salary administation: This includes job evaluation, development of a 
suitable wage structure, development of incentive plans, motivational techniques 
development of an effective communications system and preparation, implementation 
and evaluation of merit rating plans. 

5. Employee benefits and services: This includes formulation, implementation and 
evaluation of various welfare activites group insurance plans, provision of pensions, 
gratuity and other such payments, fringe benfits, ensuring fulfilment of social security 
and welfare provisions as provided through legislation and provisions regarding 
health and safety and employee counselling with a view to solving personnel 
problems of employees. 

6. Labour Relations: This includes collective bargaining, negotiating and administering 
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agreements or contracts, grivance handling, maintenance of discipline, joint 
consultations and development of healthy and peaceful union management relations. 

7. Personnel research and audit: This involves continuing studies on varoius aspects of 
personnel relations and personnel procedures and practicies with a view to bring 
about necessary improvements in personnel management. Audit is necessary for 
ensuring the effectiveness of personnel policies and practices 
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